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Research to Evaluate the Remaining Service Life 
of Aged Rails
Hiroo KATAOKA
Senior Researcher, Track Structures & Components, Track Technology Division

The maintenance of rails incurs enormous expenses, and to 
prevent rail failure, a number of railway operators in Japan 
replace them periodically based on the accumulated passing 
tonnage.  As the introduction of lightweight vehicles and rail 
grinding operation has reduced rail failure at joints in recent 
years, it is now considered possible to extend the periodicity 
of such rail replacement.  There are several types of rail 
failure, and cracks at the rail foot are diffi cult to detect. Star 
cracks (a type of damage found on rails) at the boltholes of 
fi shplated joints are also often overlooked.  The Railway 
Technical Research Institute (RTRI) has therefore decided 
to review the periodicity of rail replacement focusing on rail 
foot cracks (in the case of long-rails or continuous welded 
rails (CWR)) and star cracks at the boltholes of fi shplated 
joints.
To evaluate the remaining life of rails, the RTRI implemented 
fatigue tests on welded parts and fi shplated joints of rails 
that had been used in the fi eld.  The average accumulated 
passing tonnage of the rails tested was 380 million tons 
with Shinkansen CWR.  The corresponding fi gure for rails 
used in 1,067-mm-gauge sections was 540 million tons with 
CWR and 330 million tons with fi shplated joints.  Based on 
the results of fatigue testing, the RTRI determined the S-N 
curves of laid rails (see Figs. 1 to 4).
In this context, a dynamic analytical model has already been 
developed to calculate the bending stress at welded parts, 
and the RTRI used this model in the study to evaluate the 
life of CWR.  To analyze the dynamic stress at fi shplated 
joints, another model is also available that combines a 
beam model to calculate the dynamic wheel load on the 

rail under investigation 
and a solid model to 
calculate the stress in 
the rail using the wheel 
load thus calculated as 
an external force.  The 
RTRI verifi ed the ap-
propriateness of these 
models by implementing on-site measurement.
By applying these study results, the RTRI calculated the 
stress in the rails under different track and rolling stock 
conditions, and estimated the remaining life of the rails from 
the S-N curves and stress values thus obtained.
The RTRI also evaluated the remaining life of the welded 
parts of rails with boltholes.  These rails were once used 
with fi shplated joints, and were later welded to form CWR.  
Comparison of the remaining life between rails with cracks 
at the rail foot and those with cracks at their boltholes sug-
gests that the latter retain a longer service life.
After evaluating the remaining life of different types of 
rail, the RTRI has confi rmed that the periodicity of rail 
replacement can be extended (see Figs. 5 and 6).  To achieve 
this, however, grinding is required for CWR to remove sur-
face irregularity of the rail top.  On the other hand, contact 
between the fi shplate and the rail in fi shplated joints should 
be controlled to avoid excessive wear.  After discussing 
these points, several railway operators in Japan have already 
extended the periodicity of rail replacement in CWR sec-
tions.

Fig. 6 Example of evaluated fatigue life of bolt holes 
(Probability at fracture:0.10%)
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Fig. 5 Example of evaluated fatigue life 
of CWR
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Fig. 2 Bending fatigue test of fi sh-
plated joint rail

Fig. 3 Example of rail broken in 
fatigue test

0

2

4

6

8

10

12

14
Current replacement period

B C B C
Rail type 60kg

Probability
at fracture 0.01%

*A: Shinkansen, B: Locomotive, C: Limited express

0.10%

Vehicle
type A

Meter gauge line

50kgN 60kg

Fa
tig

ue
 li

fe
 (

10
0 

M
G

T
)

Grinding thickness No grinding
0.05 mm/100 MGT  0.1 mm/100 MGT

300

400

500

600

700

800

104 105 106 107

S=-146logN+1407
Fatigue limit 444N/mm2

P
ul

sa
tiv

e 
st

re
ss

 a
m

pl
itu

de
2σ

a 
(N

/m
m

2 )

Number of cycles

Failure
No failure

50 % S-N curve

Fig. 4 S-N curve of laid jointed rail 
at 50% fracture probability 
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Fig. 1 S-N curve of laid rail of CWR at 50% fracture prob-
ability
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