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Field Test of Safety, Stability, and Vibration Reduction of
Ladder-Sleeper Track in Urban Rapid Rail Transit

SHEN Qiongyu', HAN Dongdong', DONG Zhensheng’, YU Quanyu', XU Feihu'
(1. Angel (Shanghai)Technology Co., Ltd., Shanghai 200030; 2. Railway Engineering Inspection Co., Ltd., Beijing, 100081)

Abstract: This study comprehensively summarizes the testing scheme and results of a ladder-sleeper ballastless track in urban
rapid rail transit for safety, stability, and vibration reduction performance compared with an ordinary ballasted track at a maximum
speed of 220 km/h on the National Railway Test Center Circular Line in 2023. The test used eight CRH380AJ comprehensive
inspection units, including the safety and stability of the wheelset derailment coefficient, wheel load reduction rate, wheel—rail
lateral force, vertical and lateral dynamic displacement indicators of the rail and sleeper, vertical and lateral vibration characteristics
of the rail, and vibration reduction performance of the roadbed surface at a distance of 3.5 m from the centerline of the line.
The test results for these indices were lower than the limits of the corresponding standards and close to those for the existing
ballasted track. The test results show that the safety, stability, and wheel-rail vibration characteristics of the ladder-sleeper
ballastless track in urban rapid rail transit can satisfy the requirements of the line at a speed of 220 kmv/h. According to different
weighting methods, the average vibration reduction of the ladder-sleeper ballastless track compared with an ordinary ballasted
track in urban rapid rail transit can reach 3.3-5.1 dB and 4.4-6.8 dB. The test results provide a reference for urban rapid rail
transit and intercity railway track vibration reduction technologies.
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Figure 1 Diagram of ladder-sleeper ballastless track test
section on Circular Line
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Figure 2 Cross of ordinary ballasted track in the section
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Figure 3 Structure of ladder-sleeper on Circular Line
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Figure 4 Cross of ladder-sleeper track in the section
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Table 1 Comparison of ladder-sleeper track in urban
rapid rail transit and subway
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Wik

Husk Jofk 580 170/185 3.5/3.8 15/7.5 1~2%
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M, dotk 680 220 4.5 18/9 3R

3 MkJi%
3.1 K FNERE ., REREMRIEFR
WRIGHIZ K 8 Higm4l CRH380AJ-2818 i 454y
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Table 2 Test list, evaluation standards, and limit values
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Figure 5 Cross of ladder-sleeper track in the section
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Figure 6 Site photos of ladder-sleeper ballastless track
and ordinary ballasted track
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Table 3 Maximum safety index value in each section
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Gb) em s wm AH BE AR WY AH
it Hhid i i bk HuiE Hudk HuE
120 0.04 0.03 028 0.13 0.03 0.06 —-22.24 —10.12

140 0.05 005 0.18 0.10 0.16 0.01 -837 -5.09
160 008 0.12 019 0.10 022 0.13 -643 0.46
180 0.13 0.16 0.17 0.09 028 0.25 296 542
200 0.13 0.18 0.06 0.03 032 032 9.50 11.27
220 020 026 0.09 0.10 035 051 1499 19.57
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Table 4 Maximum rail displacement value in each section

mm

120 1.78  1.41 231 252 0.64 205 19 053 073 057 038 094 082 061 083 099 041

140 192 143 045 222 240 057 207 192 051 067 — 032 078 — 051 062 — 037

160 198 1.61 054 213 234 043 206 198 049 062 056 029 069 057 038 050 0.68 0.36

180 231 1.72 0.63 200 220 035 216 196 049 059 056 042 064 062 025 045 075 036

200 244 205 068 193 224 034 219 215 051 056 058 051 067 0.65 025 047 079 037

220 245 206 082 184 224 030 215 215 056 052 061 070 071 0.67 037 049 0.84 048
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P E NPT [ D B IR R KM S (0
FLLRER IS TR ALY (TB 10461—2019)
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PG, AR .
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LT It 7 R I 500 00 3k J88 08 e A ) LB P ]
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180 1.19 1.59 0.98 0.76 0.39 0.22 {1 Fﬂbﬂﬁgé&%fz’]‘ﬂ:ﬁﬁ/ﬁﬁlﬁo

200 1.32 1.67 0.76 0.69 0.38 0.22 ﬁg%ﬁlﬁﬂﬂﬁﬁ'ﬁiﬂlﬁ '5ﬁmfﬁlk.dﬁy§fil;ﬁ%XT R

220 1.35 1.66 0.71 0.67 0.37 0.22 27 s, T—h‘ij mﬁhﬁgﬁ’ﬁjx%ﬁ’gﬁ‘ jﬂ;{j‘ﬂ:ﬁmz

120 0.80 1.16 1.38 1.06 0.44 0.20

140 0.90 1.19 1.37 1.05 0.41 0.20
160 1.02 1.39 0.99 0.83 0.41 0.23

6 ZMX T NAIR BN IR E R A E

Table 6 Maximum rail acceleration value in each section m/s’

120 67.9 128.2 222.6 103.6 195.9 292.9 236.9 73.5 133.7 200.4 144.5 165.0
140 93.1 154.8 430.5 116.5 214.7 182.5 224.6 71.3 129.8 258.9 248.3 167.8
160 126.2 105.3 466.2 120.4 265.3 270.8 186.6 85.6 138.8 394.8 329.4 140.5
180 2133 119.0 463.3 140.0 386.6 300.7 268.2 125.9 165.4 363.9 388.5 147.9
200 194.2 159.4 589.5 107.3 225.0 376.0 230.6 2469 183.3 579.0 612.7 187.1
220 179.6 106.5 786.1 149.6 3223 270.3 3489  236.0 213.4 611.0 567.1 147.0
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Figure 7 Comparison of vertical vibration acceleration of ladder-sleeper track and ballast track at 3.5 m
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Table 7 Vibration reduction of ladder-sleeper track and ballast track

1~80 Hz
VLzmax
86.7

87.8
89.6
89.3
91.6
91.8
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T A
1~200 Hz
VL
86.3

88.0
90.8
91.1
92.9
92.8

1~80Hz
Wl s
90.8

91.7
93.5
94.4
95.1
95.1

A A HE
1~200 Hz
VL
93.1

93.2
95.2
96.3
98.1
98.1

dB
BARZOR (FEAFK)

1~80Hz 1~200 Hz
N AVL,,

4.1 6.8

3.9 52

3.9 4.4

5.1 52

3.5 52

33 5.3
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