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An Analysis of Railroad Trackbed Behavior
Using Resilient Modulus Prediction Models
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ABSTRACT

In the trackbed design using an elastic multi-layer model, the stress—dependent resilient modulus
is the key input parameter, which reflects substructure performance under repeated traffic loading.
The prediction models of resilient modulus of crushed stone and weathered granite soil were
developed from nonlinear dynamic stiffness, which can be combined by in-situ and laboratory
seismic measurements. The models accommodate the variation with the deviatoric and/or bulk
stresses. To investigate the performance of the prediction models proposed, the elastic response of
the test trackbed near PyeongTaek, Korea was evaluated using a 3-D nonlinear elastic computer
program (GEOTRACK) and compared with measured elastic vertical displacement caused by the
passages of freight and passenger trains. The material types of the test sub-ballasts are crushed
stone and weathered granite soil, respectively. The calculated vertical displacements within the
sub-ballasts are within the order of 1Imm, and agree well with measured values with the reasonable
margin. The prediction models are thus concluded to work properly in the preliminary investigation.
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Trackbed Material Thickness Y Poisson's Vo Vs Resilient Modulus,
Layer Type (m) kN/m® Ratio () (m/sec) (m/sec) Er (MPa)
Ballast 03 25 0.28 - - 15697, ()
Sub—Ballast ~ Weathered Soil 0.8 19.73 0.33 357 182 559.28(c,)” "%

Crushed Stone 23.07 0.26 461 254 16.8(0)"* (o,)" 1O
Subgrade 2.2 19.8 0.33 - - 559.28(c,) "%
Foundation - 18 0.3 - - 559.28(c,)" "%

Note ¢ [kPal, ¢, [kPal, P, =100kPa
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3.1 &9 54 &st7 273

GEOTRACKS o] &

& 34 vERAeNe QY faEe 74 3o YA tEe] N Al A

MAe G VAL Wiolny Ak F9 e W Festt AR AR Tx: AZ 39

o AE FAHES 1FoR dFold, dY T A A 48T 9 ool st Axe
= S|

2 g do] SAE F&Ee DA} 8tF (5%, axial load)] AWl &35F% (wheel load)& At AlA 34
st= Holrk dA Al Hlde] fXl= AA FEAo] 1/2F5S JE vERTE Ak SAA7A b
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CE 2 AZE4 A BY 9 A AY

. No. of . Length Bogie Spacing Static Axle Load
Train . Engine
Engine/Car (mm) (mm) &N)
Passenger Electric Rail Car
10 20,000 13,800 86
(Electric) (Class 5000 series)
Diesel L ti
Freight 1/20 1656l LOCOMOHVE 19,650 12,540 290

(Class 7000 series)

EE 3 94 BASEE 1 A4ed 54 435

Elapsed Time Passing Speed Impact Dynamic Axle Load Wheel Load

o
ra (sec) (km/hr) Factor () (kN) (KN)
P
assenger 9 55 1.17 100 50
(Electric)
Freight 13 73 1.22 268 134
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