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Analysis of Subgrade Stress State and Factors Contributing to
Subgrade Damage From Heavy Haul Freight Cars
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Abstract; The damage of railway lines during heavy haul freight train passage is closely related to
the stress state of the subgrade surface.In order to study the stress path in subgrade soils under
moving trains,this study utilized a dynamic freight-railway model to analyze such stress on during
freight train operations. The study investigated the effects of ballast layer thickness, axle load,
speed,and other factors contributing to subgrade surface damage. The extent of subgrade stress
and related damage were obtained using the Euler beam model to analyze the elastic half-space
under one moving load. The stress path in soils under the moving load was analyzed.Based on the
modeling,it was determined that the stress state changes from pure shear to triaxial shear and
back to pure shear in one cycle. According to the stress path curves for different moving speeds, it
was determined that,when the moving load is high,the horizontal shear stress increases dramatic-
ally. The results further indicate that the stress state changes from the initial state to pure shear,
to triaxial shear,and back to pure shear. The principle axis of stress rotates 180°, However, it is
more complex due to the interaction of the wheels.A ballast layer deeper than 0.5 m,train speeds
exceeding 70 km/h,the modulus of the subgrade materials less than 160 MPa, and an axle load
higher than 27 t,all of these factors may result in the plastic deformation within the subgrade sur-
face.If the stress path reaches the failure line,the hypothesis of elasticity will be invalid.
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Table 2 Materials properties for the track system and
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Fig.2 Stress path of soil element at subgrade surface
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Fig.3 Stress path of soil element at subgrade surface in different stages
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Table 3 Changes of dynamic stress with different thickness of

ballast beal
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Fig.4  Different stress paths with different thickness of

ballast bed
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Table 4 Changes of dynamic stress with different axle loads

A IR g LIpnil e 1] if J7
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Fig.5 Different stress paths with different axle loads
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Table S Changes of dynamic stress with different speeds

) 4 KR g LAyl e 8] b )
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60 52.105 46.357 100.865
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Fig.6 Different stress paths with different speeds
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Table 6 Changes of dynamic stress with different stiffness of

subgrade surface

HIREFZER KR T o R g e 1] ¥ )
J /MPa c./kPa 7., /kPa s, /kPa
160 62.176 51.499 127.484
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200 64.569 48.215 128.192

B 7 SRR SR R 2 W B S T 3R R 2
JUN 1A, R AL, A& 180 MPa i, £
T ST BRI T IR £ MR B N 160MPa

100 1
—e—RJZWIE160 MPa
901 —-—EENIE180 MPa
30 1 ——KJZNI %200 MPa
Mohr—Coulombfi #f £k
70 1

60
50 1
401
301
201
101

O.
0 20 40 60

t/kPa

80 IOIO IZIO 14I¥0 ll60 1;30
s/kPa
B 7 REAKREZRETEBZ

Fig.7 Different stress paths with different stiffness of

subgrade surface
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