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In light of the derailment of Shinkansen cars in service in the 
2004 Mid Niigata Prefecture Earthquake, JR East has been 
conducting R&D on and measures for prevention of Shinkansen 
derailment in earthquakes.  That included development of the 
following preventive measures against derailment in earthquakes 
for tracks.
(1)  Aseismic glued insulated joint rails (installation completed)
(2)  Rail rollover prevention devices for slab tracks (under 

construction)
(3)  Rail rollover prevention devices for ballast tracks (under 

development)
(4)  Removal of expansion joints (under construction, considering 

expanding the range of those subject to removal)
(5)  Countermeasures for turnout sections (under development)
(as of April 2012)

This article will report on the development of a sleeper plug 
inserting machine for more efficient installation of sleeper plugs 
in installation of rail rollover prevention devices for slab tracks.  It 
will also cover consideration of expanding the range of expansion 
joints subject to removal.

Development of a Sleeper Plug 
Inserting Machine for Slab Tracks2

2.1 Overview
In order to install rail rollover prevention devices for slab tracks 
(Fig. 1) to existing slab tracks, sleeper plugs of reinforced 
polyamide have to be inserted later as anchors, and much of that 
inserting process is currently done by hand.  Fig. 2 is a cross-
sectional diagram of the sleeper plugs.

With an aim of work efficiency improvement and cost 
reduction of rail rollover prevention device installation work for 
slab tracks, we have developed a machine that can mix and fill the 
synthetic resin material used to secure sleeper plugs.

Introduction1

2.2 Development of a Sleeper Plug Inserting Machine
The process of installing a rail rollover prevention device to a slab 
track is as shown in Fig. 3.

For the slab drilling in that process, development is underway 
for a machine that has functions such as drilling more than one 
hole at a time, work done mainly by construction companies.  
On the other hand, work of inserting sleeper plugs into the 
drilled holes, including mixing synthetic resin that secures those, 
is mainly done by hand.  In this development, we thus set at 
target of doubling the work efficiency of measuring, mixing and 
filling the synthetic resin filler that secures the inserted plugs.
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2.3 Performance Check Tests
To check the performance of the developed machine, we carried 
out in-laboratory tests and workability tests in construction on a 
commercial line.

2.3.1 In-laboratory Performance Check Tests
In order to check whether the base resin and curing agent mixed 
by the prototype machine could achieve the specified quality, we 
carried out in-laboratory tests.  The tests included the following 
for the resin synthetic resin mixed with the machine.
· Compressive strength test to check the mixing 
·  Pullout resistance test to check the resistance of sleeper plugs to 

being pulled out
Before those tests, the resin for ordinary temperature was 

cured at 20 ºC and the resin for low temperature at -10 ºC for 
72 hours each in a large environmental test chamber.

To check the uniformity of mixing by the machine, we 
checked the compressive strength of the synthetic resin after 
hardening.  The test results are shown in Table 2.

Table 2 data proves that both the resin for ordinary 
temperature and the resin for low temperature had uniform 
and sufficient compressive strength (compressive strength of 
slab concrete is 40 N/mm2), and thus the machine could mix 
synthetic resin well.

Next, to check the pullout resistance of sleeper plugs inserted 
by the machine, we filled synthetic resin filler into slab track 
holes of a specified size that were in drilled in advance and 
inserted sleeper plugs using the machine and secured them.  Test 
conditions were as follows.
1) Resin filler for ordinary temperature (filled and cured at 20 ºC)
2) Resin filler for low temperature (filled and cured at -10 ºC)

Fig. 5 shows the pullout resistance test and Fig. 6 an example 
of the pullout test results.  In the pullout resistance tests, the 
fracture shape of both the resin for ordinary temperature and the 
resin for low temperature was cone fracturing that is particular to 
concrete.  This demonstrates that the inserted sleeper plugs were 
firmly secured to concrete.

2.2.1 Choice of Synthetic Resin Appropriate to Mechanized 
Work

The synthetic resin material conventionally used to secure  
sleeper plugs for rail rollover prevention devices was a three-
in-one resin material composed of base resin, curing agent and 
aggregate.  In mechanization of mixing and filling work, however, 
we decided to select a two-in-one resin material not including 
aggregate to achieve material uniformity after mixing and 
prevention of damage to the agitator.  The applicable temperature 
range was set from -10 to 30 ºC, taking into account of the 
temperatures in JR East’s operation area.  We therefore decided 
to use two types of synthetic resin according to the temperature 
at time of installation, taking into account characteristics of those 
resins.  An overview of the selected synthetic resins is shown in 
Table 1.

2.2.2 Sleeper Plug Inserting Machine
In mixing conventional three-in-one resin, we measured and 
batch-mixed base resin, curing agent and aggregate.  However, 
that method had some problems such as limitation of the time in 
which the synthetic resin is usable (the time in which workable 
viscosity is kept) and the need of putting mixed resin into another 
container at each mixing.  We thus developed a machine on the 
following lines.  Fig. 4 shows the developed machine.

(1) Measurement
Use a pump that can pressure feed main resin and curing agent.  
Use cylinders of the same diameter ratio as the mixing ratio to 
eliminate the need for measurement.
(2) Mixing
Mix the resin material for each filling of a sleeper plug hole for 
the rail rollover prevention device (approx. 180 cc) based on the 
time in which the synthetic resin is usable.
(3) Filling
Limit machine operation to forward and reverse movement of 
the piston and rotation of the mixer agitator.

Table 1  Overview of Selected Resin Fillers

Item Resin for ordinary 
temperature

Resin for low
temperature

Temperature range
where usable 5 ºC～30 ºC -10 ºC～5 ºC

Description Epoxy resin Unsaturated
polyester resin

Time where usable 20 min. or longer 15 min. or longer

Viscosity

Base resin 70,000 mPa･s 9,750 mPa･s

Curing agent 200 mPa･s 13,600 mPa･s

Mixed resin 12,880 mPa･s 10,500 mPa･s

Note Viscosity at 20 ºC Viscosity at -10 ºC

Table 2  Compressive Strength Test Results

Batch 
no.

Compressive strength
at ordinary temperature

Compressive strength
at low temperature

Average
(N/mm2)

Standard deviation
(N/mm2)

Average
(N/mm2)

Standard deviation
(N/mm2)

1 78.5 0.5 110.6 5.0

2 80.4 0.4 117.4 3.2 

3 81.3 2.6 120.9 3.0 

4 81.9 0.3 122.0 2.7 

5 82.2 1.0 120.5 3.4 

Fig. 4  Developed Inserting Machine

Fig. 5  Pullout Test
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2.3.2 Installation Tests on Test Track
Upon the successful in-laboratory confirmation of the quality of 
resin mixed and filled by the machine, we carried out installation 
tests on a test track at the Research and Development Center 
of JR East Group (Fig. 7) for 30 m-long test length to check 
efficiency of installation.  To reproduce actual installation work, 
we drilled holes in advance at the positions to be installed with 
rail rollover prevention devices for slab tracks, cleaned the holes, 
mixed and filled resin filler, and inserted sleeper plugs using the 
machine.  Fig. 8 is a photo of the installation test.

Based on the installation test results, we estimated that the 
machine could almost triple the work efficiency of mixing and 
filling resin filler and inserting sleeper plugs.

2.3.3 Workability Check in Construction on Commercial Line
Next, to check the installation efficiency in once instance of 
construction work, we used the developed machine in the 
installation of rail rollover prevention devices to a commercial 
line (installation length 120 m).  As a result, similar to the results 
on the test track, we could predict that the number of sleeper 
plugs inserted per instance of work would be almost triple of that 
of the current manual work.

Consideration of Removal of 
Expansion Joints with the Shinkansen3

3.1 Purpose
On slab tracks on viaducts, the difference in expansion behavior 
of rails and girders due to temperature change sometimes makes 
the force that acts longitudinally to rails (hereinafter “axial force”) 
disproportionate, and with some placement of girder bearings 
and the like, axial force to continuous welded rails becomes 
excessively large.  We thus have installed expansion joints to 
reduce the axial force.

The results of consideration in the development of aseismic 
measures clarified that the structure of expansion joints needs 
drastic improvement.  From the perspective of difficulty when 

putting into practical use too, we should consider technical 
feasibility of eliminating the need of expansion joints.  
Furthermore, due to that complex structure, expansion joints 
require much maintenance labor in track control and material 
management.

In the light of those, with the aim of removing expansion 
joints on Shinkansen lines in the JR East’s operation area, we 
conducted stress calculation of continuous welded rails on 
viaducts and considered items such as temperature conditions 
where rail axial force becomes zero (hereinafter, “neutral 
temperature”) and expansion of the permissive values of the rail 
axial force and the size of the opening in rail breakage.

3.2 Consideration of Removal of Expansion Joints
We considered removal for 275 expansion joints.  The flow of 
that consideration is as shown in Fig. 9.

3.3 Calculation for Continuous Welded Rails on Viaducts
With an aim of removing expansion joints, we calculated the 
maximum rail axial force and the maximum size of the opening 
in rail breakage based on the current method of managing 
continuous welded rails.

As a result, we are proceeding with the removal of the 
197 expansion joints that were calculated to be removable.

For expansion joints that were judged removable, we 
considered the following to propose the conditions in which 
those could be removed.

3.4 Consideration of Maximum Rail Axial Force
For rails with maximum rail axial force in excess of the permissible 
value 980 kN, one of the reasons why expansion joints cannot  
be removed, we considered two countermeasures that would 
allow removal.
(1)  Consideration of expanding the permissible value of the 

maximum rail axial force
The 980 kN permissible value of maximum rail axial force 

is applied from the value calculated from the buckling safety of 
ballasted tracks (hereinafter, the “lateral resistance”).  The issue of 
reasonability of the buckling safety criteria thus remains for slab 
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tracks, which have larger lateral resistance than ballasted tracks.
So, to find the maximum rail axial force for slab tracks, 

we carried out lateral resistance tests on test slab track at the 
Research and Development Center of JR East Group (Fig. 10) to  
evaluate the characteristics of tie plates, track slabs, protrusions, 
and the like.

Based on the test results, we conducted structural analysis of 
slab tracks using the finite element method (FEM).  The analysis 
results are shown in Fig. 11.  In analysis at a rail axial force of 
1,500 kN, lateral displacement of the rails was small, and the 
force acting on rail fastening devices and protrusions was less 
than the permissible value 50 kN, still leaving some margin.  
But, taking into account issues such as the effect of further track 
displacement due to increased rail axial force, increased rail 
axial force from rail creeping, and deterioration at protrusions 
due to aging, we concluded that there would be no problem in 
expanding up to around 1,300 kN the permissible maximum rail 
axial force for slab tracks with curve radius greater than 700 m.

(2)  Development of devices to improve lateral resistance of slab 
tracks

Applying the results of consideration mentioned in (1), the 
permissible maximum rail axial force can be increased to around 
1,300 kN.  For locations where larger rail axial force is generated, 
we developed devices to improve lateral resistance.  

The developed devices for slab tracks to improve lateral 
resistance are shown in Fig. 12 and 13.  We carried out 
performance check tests of the developed devices on test slab 
track at the Research and Development Center of JR East Group.  
Based on the test results, we worked out that installing two 
devices on one side of a slab track would increase the buckling 
resistance equivalent in rail axial force up to around 1,750 kN, 
indicating that using theses devices could prevent buckling at up 
to approx. 1,750 kN rail axial force.  We developed a device for 
tracks with roadbed concrete (Fig. 12) and another for tracks 
without roadbed concrete (Fig. 13).  We believe that increasing 
the number of devices installed would further increase resistance 
against rail axial force.

3.5 Consideration of Size of Opening in Rail Breakage
For openings larger than 70 mm in rail breakage, another reason 
why expansion joints cannot be removed, we considered two 
countermeasures.
(1)  Consideration of neutral temperature where size of openings 

in rail breakage can be made to be less than 70 mm
We considered neutral temperature conditions to make the size 
of the openings be less than 70 mm in rail breakage.  Based on 
the results of that consideration, we found the lowest neutral 
temperature that allows all the expansion joints to be removed 
was 7 to 17 ºC, which is 13 ºC less than the current neutral 
temperature 20 to 30 ºC, and the maximum rail axial force 
was 1,591 kN.  Further consideration, however, is needed for 
changing the neutral temperature due to maintenance reasons.
(2)  Consideration of expanding permissible value of size of 

openings in rail breakage
With an aim of expanding the 70 mm permissible value of the 
size of the openings in rail breakage, we are investigating factors 
such as the amounts of vertical and horizontal displacement in 
rail breakage, applying the FEM and static and dynamic analysis 
using a beam model.

3.6 Future Policy on Removal of Expansion Joints
As previously explained, we have judged that 197 of the 
investigated 275 expansion joints could be removed.  For the 
remaining expansion joints that could not be removed, we  
will reconsider removal upon the results of consideration of 
expanding the permissible value of the size of the openings 
in rail breakage, aiming at removing all the expansion joints 
investigated.
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