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Track-Structure Interaction Analysis of Fast Hardening Track
on Railway Bridge Considering Effect of Anchor and Friction
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Abstract

Ballast track requires constant maintenance work due to progress of track irregularity. Fast Hardening Track(FHT) has been
developed to reduce the maintenance effort done by injecting fast hardening mortar in aged ballast to convert slab track . For the
application of FHT to a railway bridge, post-installed anchors should be placed at center of the track segment to fix it on bridge.
This paper presents track-bridge interaction analysis results with FHT considering stiffness and strength of post-installed anchor,
age of FHT concrete and friction between FHT and bridge deck surface. Based on the analysis results, this study suggests when is

good to install the anchors and allow normal operation of passing train.
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Table 1 Parameters of PSC box girder

|

Span length Equlvalent Area Neutr.al. axis height 2nd Moments of inertia
Case (m) elastic modulus ( 2) position ( ) 4 4
" (MPa) mm (mm) mm I,(mm") 1,,(mm")
PSC box girder 40 28,571 1.19x10° 790 2,700 12.12x107 15.78%107
Rail
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Fig. 1 Analysis model of FHT on bridge
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Table 2 Normalized factor considering curing days

. Concrete compressive | Normalized factor for concrete Normalized factor for anchor strength
Curing days(day) .
strength (MPa) compressive strength AASHTO LRFD Eurocoded

0.167(4hr) 20.0 0.601 0.683 0.719

1 22.6 0.680 0.749 0.778

3 24.0 0.722 0.783 0.809

7 26.3 0.790 0.838 0.858

28 33.3 1.000 1.000 1.000
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Table 3 Analysis cases and parameters

. Max. static Max. kinetic Anchor strength(kN)
Cases Curzgg days friction disp. friction force Design load Concrete Anchor fracture
ay)
(mm) (kN) (Q,) fracture load load
F0-1.2-5 0.167(4hr) 5 214 0 0 0
AF0-1.2-5 0.167(4hr) 5 214 166.2 345.8 405.1
AF1-1.2-5 1 5 214 182.3 379.1 458 .4
Case A
AF3-1.2-5 3 5 214 190.6 396.6 486.7
AFT-1.2-5 7 5 214 204.0 424.2 532.5
AF28-1.2-5 28 5 214 243.4 506.3 674.1
F0-1.2-0.5 0.167(4hr) 0.5 214 0 0 0
AF0-1.2-0.5 0.167(4hr) 0.5 214 166.2 345.8 405.1
Case B AF1-1.2-0.5 1 0.5 214 182.3 379.1 458.4
AF3-1.2-0.5 3 0.5 214 190.6 396.6 486.7
AFT7-1.2-0.5 7 0.5 214 204.0 424.2 532.5
AF28-1.2-0.5 28 0.5 214 243.4 506.3 674.1
F0-0.6-5 0.167(4hr) 5 107 0 0 0
AF0-0.6-5 0.167(4hr) 5 107 166.2 345.8 405.1
Case O AF1-0.6-5 1 5 107 182.3 379.1 458.4
AF3-0.6-5 3 5 107 190.6 396.6 486.7
AFT7-0.6-5 7 5 107 204.0 424.2 532.5
AF28-0.6-5 28 5 107 243.4 506.3 674.1
F0-0.6-0.5 0.167(4hr) 0.5 107 0 0 0
AF0-0.6-0.5 0.167(4hr) 0.5 107 166.2 345.8 405.1
Case D AF1-0.6-0.5 1 0.5 107 182.3 379.1 458.4
AF3-0.6-0.5 3 0.5 107 190.6 396.6 486.7
AF7-0.6-0.5 7 0.5 107 204.0 424 .2 532.5
AF28-0.6-0.5 28 0.5 107 243.4 506.3 674.1
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Table 4 Result of additional rail stress

Temperature load Traction load Vertical load Combined load
Cases
Com(-) Ten(+) Com(-) | Ten(+) | Com(-) | Ten(+) | Com(-) | Ten(+)
FO-1.2-5 -20.69 35.73 -18.38 24.62 -3.50 +3.70 -42.57 64.05
AF0-1.2-5 -29.47 42.76 -10.28 11.56 -3.50 +3.70 -43.25 58.02
Case A AF1-1.2-5 -29.72 42.85 -10.04 11.19 -3.50 +3.70 -43.26 57.74
AF3-1.2-5 -29.84 42.90 -9.93 11.02 -3.50 +3.70 -43.27 57.62
AF7-1.2-5 -30.02 42.96 -9.76 10.76 -3.50 +3.70 -43.28 57.42
AF28-1.2-5 -30.49 43.12 -9.35 10.13 -3.50 +3.70 -43.34 56.95
F0-1.2-0.5 -31.02 43.26 -8.85 9.35 -3.50 +3.70 -43.37 56.31
AF0-1.2-0.5 -31.85 43.44 -8.08 8.19 -3.50 +3.70 -43.43 55.33
Case B AF1-1.2-0.5 -31.90 43.45 -8.03 8.11 -3.50 +3.70 -43.43 55.26
AF3-1.2-0.5 -31.93 43.45 -8.00 8.07 -3.50 +3.70 -43.43 55.22
AF7-1.2-0.5 -31.97 43.46 -7.96 8.01 -3.50 +3.70 -43.43 55.17
AF28-1.2-0.5 -32.08 43.48 -7.85 7.85 -3.50 +3.70 -43.43 55.03
F0-0.6-5 -14.41 22.65 -22.40 30.06 -3.50 +3.70 -40.31 56.41
AF0-0.6-5 -29.17 42.65 -10.57 12.01 -3.50 +3.70 -43.24 58.36
Case C AF1-0.6-5 -29.45 42.76 -10.30 11.59 -3.50 +3.70 -43.25 58.05
AF3-0.6-5 -29.58 42.81 -10.17 11.39 -3.50 +3.70 -43.25 57.90
AF7-0.6-5 -29.79 42.88 -9.98 11.10 -3.50 +3.70 -43.27 57.68
AF28-0.6-5 -30.30 43.06 -9.52 10.38 -3.50 +3.70 -43.32 57.14
F0-0.6-0.5 -21.06 26.95 -12.02 13.66 -3.50 +3.70 -36.58 44 .31
AF0-0.6-0.5 -30.99 43.26 -8.88 9.40 -3.50 +3.70 -43.37 56.36
Case D AF1-0.6-0.5 -31.09 43.28 -8.77 9.25 -3.50 +3.70 -43.36 56.23
AF3-0.6-0.5 -31.15 43.29 -8.72 9.17 -3.50 +3.70 -43.37 56.13
AF7-0.6-0.5 -31.23 43.31 -8.65 9.05 -3.50 +3.70 -43.38 56.06
AF28-0.6-0.5 -31.45 43.37 -8.45 8.75 -3.50 +3.70 -43.4 55.82
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Fig. 6 Results of (anchor force)/(design load] ratio under traction load plus temperature variation
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