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When laying track on earth structures, roadbed performance
is extremely important for controlling track settlement and
dynamic deflection. In order to meet roadbed performance
demands in Japan, concrete roadbed is used for slab track
(Fig. 1), and asphalt roadbed is used for ballasted track (Fig.
2); this structure is also standard for the Shinkansen bullet
train. The roadbed design methods are described in the
“Design Standard for Railway Structures (Earth Structures).”
In the January 2007 revision to this design standard, a
performance based design method was introduced.

As the previous Design Standard for Railway Structures
(Earth Structures) was based on specifications, the thickness
of each layer of the roadbed design was specifically defined.
With the performance based design method, however, it
has become possible for the designers to design roadbed
thickness to satisfy roadbed performance requirements.
Specifically, by considering the fatigue life related to
the number of trains, a method of designing thickness
according to the importance of a particular section of track
is described. Also, while the previous design concept was
not consolidated with regard to a concrete roadbed for slab
track or an asphalt roadbed for ballasted track, with this
revision the roadbed design methods have been grouped
together systematically.

With the new design standard, the earth structure
performance rank for the relevant track is determined by the
relative importance of the section of track and the track type.
When designing the roadbed, a type of roadbed is
selected to suit each of the various performance ranks. For
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Fig. 1 Slab track

Asphalt roadbed

Fig. 2 Ballasted track

performance rank
I, concrete roadbed
or asphalt roadbed
for ballastless track
is selected; for
performance rank
II, asphalt roadbed
for ballasted track
is used; and for
performance rank
III, crushed stone roadbed for ballasted track is selected.
After the type of roadbed has been selected in this way, the
roadbed structure design is carried out.

In the case of a concrete roadbed (Fig. 3), the following
effects of train loads are checked for: displacement of the
roadbed, breakage of the reinforced concrete base, fatigue
damage, cracking, contraction, and thermal stresses. For
asphalt roadbeds, the following effects of train loading are
checked: displacement of the roadbed and fatigue damage
of the asphalt mixture layer. In particular, in the case of an
asphalt roadbed for ballasted track (Fig. 4), fatigue failure
had not been considered in the previous design; however,
this time a design method based on fatigue life has been
introduced.

In this way, by systemizing roadbed design thinking to suit
the design standard revision, and with the introduction of
the performance-based design method, flexible design to
suit the importance of the track section has now been made
possible.
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Fig. 3 Cross section of slab track and concrete roadbed
(Embankment)
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Fig. 4 Cross section of ballasted track and asphalt roadbed
(Cutting)



