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Dynamic property identification of degraded ballasted railway tracks
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Abstract

Dynamic property identification of degraded
ballasted railway tracks has the objectives to (1) study the
dynamic parameters of a ballasted railway track (2) compare
the behavior of intact and damaged structures (3) Study the
interaction between sleepers and ballast. (4) Study the effects
of variables that affect the dynamic behavior of railways. Which
was tested by using an impact hammer to determine the
dynamic force values of the sleepers and ballast. Based on the
test results, the dynamic properties of sleepers and ballast in
model. In the case of Uncracked sleeper, the quantity of
ballast bearing weight in the middle area of the sleeper
significantly affects the damping ratio. When there is no ballast
layer supporting weight from the sleeper's middle area, the
damping ratio decreases notably. This is evident from the
following values: Full Supported Sleeper have a damping ratio
value of 0.1472 Unsupported at the middle have a damping
ratio value of 0.0736. Meanwhile, the quantity of ballast
bearing weight at the edge of the sleeper has a relatively
minor impact on the damping ratio when there is no ballast
layer supporting weight from the edge of the sleeper. This is
observable from the following values: Full supported having a
damping ratio of 0.1472, Middle Supported Sleeper having a
damping ratio of 0.1286 and Overhang 33%L having a damping
ratio of 0.1455. Furthermore, considering the case of Overhang
20%L, the damping ratio is 0.1939. Which is higher compared

to the Full Supported Sleeper case.
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Case study

Sleeper dynamic properties identification

- an1edase (Uncracked sleeper)

- an1edase (Cracked sleeper)

Ballast dynamic properties identification

Uncracked sleeper

- @011% Full Supported Sleeper

- @011g Middle Supported Sleeper

- @011g Unsupported at the middle

- @011g Overhang 33%

- @n11g Overhang 20%

Cracked sleeper

- @01y Middle Supported Sleeper
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Element Length (m) [ (m4) rh (kg/m)

no.

1 0.19 1.23 x 10-4 94.63
2 0.19 1.25 x 10-4 94.78
3 0.19 1.18 x 10-4 93.08
4 0.19 1.03 x 10-4 89.11
5 0.19 7.73 x 10-5 81.20
6 0.19 7.73 x 10-5 81.20
7 0.19 1.03 x 10-4 89.11
8 0.19 1.18 x 10-4 93.08
9 0.19 1.25 x 10-4 94.78
10 0.19 1.23 x 10-4 94.63

Tnefl E = 4.603 x 10° Pa
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Damping ratio

Study case I Mode 1 | Mode 2 I Mode 3 | Mode 4
Uncracked sleeper
Free-Free condition 0.0249 0.0054 0.0058 0.0064
Full Supported
0.1472 0.0230 0.0165 0.0167
Sleeper
Middle Supported
0.1286 0.0136 0.0098 0.0085
Sleeper
Unsupported at the
0.0736 0.0276 0.0151 0.0166
middle
Overhang 33%L 0.1455 0.0346 0.0201 0.0184
Overhang 20%L 0.1939 0.0102 0.0088 0.0108
Cracked sleeper
Free-Free condition 0.01068 0.0060 0.0063 0.0071
Middle Supported
0.1762 0.00252 0.0017 0.0017
Sleeper
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Natural frequency (Hz)

Study case | Mode 1 | Mode 2 I Mode 3 | Mode 4
Uncracked sleeper

Free-Free condition 212 614 1158 1694
Full Supported

236 624 1042 1702
Sleeper
Middle Supported

232 616 1042 1698
Sleeper
Unsupported at the

218 618 1158 1696
middle
Overhang 33%L 248 620 1162 1702
Overhang 20%L 240 616 1042 1696

Cracked sleeper

Free-Free condition 212 612 1036 1684
Middle Supported

236 614 1034 1692
Sleeper
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