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Behavior Characteristics of Ballasted Track on Asphalt Roadbed
Using Real Scale Test

O[f8l - O|FIS* - O|HE!

Seonghyeok Lee - Jinwook Lee - Hyunmin Lee

Abstract Ballasted track on an asphalt roadbed can be beneficial for its various effects such as (i) decreasing of roadbed
thickness by dispersing train load; (ii) prevention of both strength reduction and weakening in roadbed system by preventing
rainwater penetration; and (iii) reducing maintenance cost by preventing roadbed mud-pumping and frostbite. With these
beneficial effects, ballasted track on asphalt roadbed has been widely used in Europe and Japan, and relevant research for
applying such ballasted track on asphalt roadbed systems in Korea is ongoing. In this study, full-scale static and dynamic
train load tests were performed to compare the performance of ballasted track on asphalt roadbed and ballasted track. The
optimum thickness levels of asphalt and reinforced roadbeds, corresponding to the design criteria for reinforced roadbed of
high-speed railway, was estimated using the FEM program ABAQUS. Test results show that the earth pressure on rein-
forced roadbed of ballasted track on the asphalt roadbed was relatively low compared with that of simple ballasted track.
The elastic and plastic displacements of simple ballasted track on the asphalt roadbed were also lower than those of bal-
lasted track. These test results may indicate that the use of ballasted track on asphalt roadbed is an advantageous system in
view of long-term maintenance.

Keywords : Ballasted track on the asphalt roadbed, Reinforced roadbed, Full scale test
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Table 1. Train specifications.

. Load Bogie center distance Fixed center
Composition — - - .
(KN) Power driving car Train carriage distance
KTX 2PC+2MTC+16TC 170 14m 18.7m 3m
KTX-Sancheon 2PC+H2M)TC+6TC 170 14m 18.7m 3m

Table 2. Rail properties used in ABAQUS.

Rail Rail distance Section area Elastic modulus Density Rail fastener Moment of inertia
(mm) (mm?) (MPa) (KN/m>) (KN/m) (mm*)
Properties 1,435 7,750 210,000 78 400,000 30,900,000
Table 3. Sleeper properties used in ABAQUS.
Length | Distance | Bottom width | Width Height | Elastic modulus | Weight Moment of inertia
Sleeper Segment 4
(mm) (mm) (mm) (mm) (mm) (MPa) (kN) (mm®)

Properties 2,600 650 300 260 200 29,000 250 5 18,640,000
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Table 4. Elastic modulus of utilized materials and layer thickness [8-11].
Elastic modulus Poison's ratio Mass density
E(MPa) v AKN/m?)
Rail 210,000 0.3 78
Pad 40,000
Sleeper 29,100 0.3 23
Ballast 100 0.2 20
Asphalt 2,000 0.35 23
Roadbed 180 0.2 20
Subgrade 80 0.3 20
Table 5 Elastic modulus of Asphalt Layer.
Spring Summer Fail Winter
Average temperature (°C) 18.3 275 19.1 83
Elastic modulus (MPa) 4,000 2,000 3,000 10,000
1.000 78.00
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Fig. 1. Elastic displacement at roadbed according to reinforced Fig. 2. Vertical Compressive stress at roadbed upper part
roadbed and asphalt thickness. according to reinforced roadbed and asphalt thickness.
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Fig. 3. Real-scale testing system. Fig. 4. Large soil-box.
Table 6. Physical properties of upper roadbed.
OoMC Maximum Maximum Passing #4 Passing #200 PI
(%) dry density (kN/m?) particle size (mm) (%) (%)
5.5 225 100 62.3 0.6 N.P
Table 7. Physical properties of reinforced roadbed(M-40).
Maxi Flat or elongated Sand
OoMC aleuI,n Specific Absorption Abrasion & (.)r clongate .an
%) dry density oravity rate (%) rate (%) particle content equivalent PI
(kN/m?®) (%) value (%)
6.5 229 2.68 0.9 30.3 4 34 N.P
Table 8. Physical properties of asphalt mixture.
Classification Asphalt Mixture
PG grade 64-22
Viscosity at 135°C (cPs) 788
Softening point R&B (°C) 51.5
Penetration (1/10cm) 62
Ductility at 15°C (cm) >50
Flash point (°C) >230
Phase separation (°C) Less than +2°C
RTFO original 1.22 (64°C)
G*/sind, kP
sino, K, RTFO residue 238 (64°C)
Temperature@]10rad/s
PAV residue -
S:282
C tiffness(-18°C
recp stiffhess( ) m-value : 0.328
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Table 9. Physical properties of aggregate.

Classification Apparent specific gravity Absorption Abrasion
Specification >2.45 <3.0% <35%
} 19mm 2.71 1.33 30.66
Granite -
Screening 2.67 1.01 -
Filler 2.75 - -
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Fig. 5. Grain size distribution curve.
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Fig. 6. Experimental cross section and instrumentations of Ballasted track on the asphalt roadbed.
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