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Development of Wide Prestressed Concrete Sleeper for Asphalt Concrete Track

Young-Hoon Bae', Seong-Hyeok Lee?, Eung-Rok Kim’

Abstract: In order to minimize the deformation of asphalt concrete track(ACT) and ensure the structural safety, a wide type concrete sleeper is necessary
to distribute vehicle loading and reduce the exposure of the asphalt roadbed. In this research, the wide prestressed concrete(PSC) sleeper for ACT was
developed through the shape design and the structural safety was reviewed using finite element analysis. Furthermore, static test, dynamic test and
fatigue test were carried out according to EN13230-2 to verify the design appropriateness of the wide PSC sleepers for ACT. The performance test
showed that the developed wide PSC sleeper for ACT meets all the performance requirements by European standard.
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Table 1 Results of case study on bottom surface’s shape and area of wide PSC sleeper for ACT
Case C L by bs h g W Py Ae My Pi/A.
No. (m) (m) (m) (m) (m) (m) (m) 5 (kN) (m’) (kNm)  (MPa)
1 1.5 2.4 0.200 0.100 0.850 0.100 0.250 1.6 138.94 0.840 19.10 0.331
2 1.5 2.4 0.225 0.100 0.850 0.100 0.250 1.6 138.94 0.900 20.05 0.309
3 1.5 2.4 0.250 0.100 0.850 0.100 0.250 1.6 138.94 0.960 20.88 0.289
4 1.5 2.4 0.275 0.100 0.850 0.100 0.250 1.6 138.94 1.020 21.61 0.272
5 1.5 2.4 0.300 0.100 0.850 0.100 0.250 1.6 138.94 1.080 22.26 0.257
6 1.5 2.4 0.300 0.100 0.800 0.100 0.300 1.6 138.94 1.060 20.90 0.262
7 1.5 2.4 0.300 0.100 0.750 0.100 0.350 1.6 138.94 1.040 19.70 0.267
8 1.5 2.4 0.300 0.100 0.700 0.100 0.400 1.6 138.94 1.020 18.67 0.272
9 1.5 2.4 0.300 0.100 0.900 0.050 0.250 1.6 138.94 1.090 22.99 0.255
10 1.5 2.4 0.300 0.100 0.950 0.050 0.200 1.6 138.94 1.110 24.57 0.250
11 1.5 24 0.300 0.100 1.000 0.050 0.150 1.6 138.94 1.130 26.30 0.246
12 1.5 24 0.300 0.100 1.050 0.050 0.100 1.6 138.94 1.150 28.16 0.242
13 1.5 24 0.300 0.050 0.850 0.100 0.250 1.6 138.94 0.900 26.70 0.309
14 1.5 24 0.300 0.025 0.850 0.100 0.250 1.6 138.94 0.810 29.65 0.343
15 1.5 24 0.300 0.000 0.850 0.100 0.250 1.6 138.94 0.720 33.35 0.386
16 1.5 24 0.300 0.100 0.600 0.500 0.100 1.6 138.94 1.060 21.74 0.262
17 1.5 24 0.300 0.100 0.500 0.600 0.100 1.6 138.94 1.040 20.95 0.267
18 1.5 2.4 0.300 0.100 0.400 0.700 0.100 1.6 138.94 1.020 20.41 0.272
19 1.5 2.4 0.300 0.050 0.600 0.500 0.100 1.6 138.94 0.890 26.44 0.262
20 1.5 2.4 0.300 0.050 0.500 0.600 0.100 1.6 138.94 0.880 26.02 0.267
21 1.5 2.4 0.300 0.050 0.400 0.700 0.100 1.6 138.94 0.870 25.77 0.272

J. Korea Inst. Struct. Maint. Insp. 35



= W 9lolAM, FF PSCH= A2 AE TresiAl 714
st IS A (D Y A FERMES ol AFE T
ol A== G e Aldtety 1A= Table 17 2. o]
o AL AR ] sks(p)S A (2)° WEF AKUIC,
20042 = oW, QA= A 55) =220 kN, (L=
sts A4 a3kE argfslr] 919 W= Al = 0.89, (B3
TAEE & 1T 5 LT A9) = 0.979, 7, (5 HiA
HA & 312 e shg 2ol Al) = 0.5, 4, (578 AR 230l w
A5 A SR o 2l HEkE aes] Ak 5
A S7HA) = 1.357F YHHRUT AA71A o, S ol BE
AP E Aol A8 7 = ftol i A7 Ak gl &

e

AZ UIC 713Ro A H 7k 1.358 =83tk =34, =
KR C-14030°1 A vle} 22 2] (3)& T3l AL
ol t= FE 99.7%°] ATl 295 & FFHAS] 7}
FA R A5 FZAL A AL = 3Rl 30, o= AE FH o
HAS-w = AezA 53 A=E 7PHT H$-o FHE
027}, Ve dxt L3452 300 km/h7t Q= ATk

P,= ?Q(l +fyp'yr)’yd'y7, =138.94 kKN 2

V—60
190

~, =t$|1.0+0.5 =0.979 3)

Table 1914, -2 E 9 =24 A e o] 2k 795 418
ste], 21719] lo|Elell A Flerol] 77k F-ERE 22.5 kKNm
Bl = e ]k 0.265 MPag 7202 F 50| gt miwk
Q1 745 A3 Fig. 29} 20| Case 5, 6 2 16°] o] &l
ok A F2 A2 HY AR oA g AARA]

Bl Fig. 2(b)oll A Bl GAAX] FHo] g
Y AU AT FYF A FAMA E437 DA H/EE Case
. EbA] B3 PSCH = A H- /-2 Case 5 =

Case 162 AT = Jl=Hl, F3e] A s Az H o<

Case 5 : <| Case 6 {

|

(c) Bottom shape of Case 16

Fig. 2 Candidates of optimal bottom surface
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Fig. 3 Result of shape design on wide PSC sleeper in ACT
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(a) Boundary condition of asphalt concrete track model

(b) Application of railway vehicle load

Fig. 4 Analysis model of asphalt concrete track

(a) Before strand arrangement

(b) After strand arrangement

Fig. 5 Maximum flexural tensile stress in wide PSC sleeper
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Table 2 Structural requirements of wide PSC sleeper for ACT

Test items Requirements

Static test

Fr. > Fry=128.6 kN

Froos > kigx Fro=1.8 x 128.6 =231.5 kN
Frp > kys % Frg=2.5x128.6 =321.5 kN

rail-seat section

center section Fe,, > Fcy,= 8.56 kN

Dynamic test
Froos > kiax Fro=1.5%128.6=192.9 kN
Froso > koax Fro=2.2 % 128.6 =282.9 kN

rail-seat section

Fatigue test

Fr. > Fry=128.6 kN

Crack width loaded(=Fry): Below 0.1 mm
Crack width unloaded: Below 0.05 mm
Frp > ks x Frp=2.5%128.6 =321.5 kN

rail-seat section
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Fig. 7 Static test procedure at the rail-seat section for positive design
approval test(Modified after EN 13230-2)

Table 3 Static test results for rail-seat section of wide PSC sleeper

Specimen Fr, Frops Frg

No. (kN) (KN) (kN)
1 528.6 808.6 818.6
2 407.2 707.2 817.2
3 408.6 648.6 978.6
4 428.6 688.6 1,028.6
5 418.6 598.6 848.6
6 308.6 528.6 808.6

Requirement > 128.6 > 231.5 > 3215




(b) Detail of cracks in No.4

(d) Detail of cracks in No.7

(c) No.7 : center section

Fig. 8 Results of crack propagation after static tests
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Fig. 9 Static test result : relationship of force-crack width
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Table 4 Static test results for center section of wide PSC sleeper

Specimen Feyy Fepy,
No. (kN) (kN)

7 53.6 106.3

8 47.8 103.9

9 48.6 103.4
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(a) No.14 : rail-seat section

Fig. 12 Results of crack propagation after dynamic tests

Table 5 Dynamic test results for rail-seat section of wide PSC sleeper

Specimen Fr, Frops Froso
No. (kN) (kN) (kN)

10 208.6 468.6 638.6

11 280.6 428.6 698.6

12 288.6 388.6 678.6

13 348.6 608.6 778.6

14 268.6 398.6 528.6

15 328.6 508.6 648.6
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Fig. 14 Fatigue test procedure for wide PSC sleeper(Modified after
EN 13230-2)
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Fig. 15 Force-deflection curve of wide PSC sleeper at 1st cycle and
fracture test after fatigue test

Table 6 Fatigue test results for wide PSC sleeper

Specimen Fr, Crack width ~ Crack width Frp
No. (kN) at Fr,(mm)  atunload(mm) (kN)
16 4352  Below 0.01 Below 0.01 922.6
Requirement > 128.6 <0.1 < 0.05 >321.5
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Fig. 16 Results of crack extension and fracture test after fatigue test
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