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Fig.1.1 Rolling stock and track structure 

Rail Wheel 

Bogie Axel box 

Car body 

Roadbed 

Sleeper 

Wheelset 

Fig. 1.2 Wheel/rail contact condition 

Flange 
Wheel tread 

Rail crown 
Rail gage side 

Lateral force (Lateral load 

from wheel at curved track)   Wheel load (Vertical 

load from wheel) 
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Fig. 1.3 Tribological phenomena on wheel tread  

Fig. 1.4 Squat (on rail crown) 

(1)  Hollow wear (2) Flat 

Fig. 1.5 Tribological phenomena on rail at curved track 

(1) Defect on rail head surface (2) Rail wear 

Cracks 
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Fig. 1.6 Head checks 

(1) Crack type (2) Crack and flaking type 

Fig 1.7 Classification to manage head checks [1]  
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Fig. 1.8 Vertical defect in rail head 
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Fig. 1.9 Number of rail break in JR grope 

Fig. 1.10 Grind work for rail 

Grindstones
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Fig. 1.11 Head checks 

Fig. 1.12 Gage corner cracking
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Fig. 1.13 Pitting 

Fig. 1.14 Example of Horizontal crack
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Fig 1.16 Joint hole split  

Fig. 1.15 Rate by rolling contact fatigue failure in rail break 

(JR east  
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Table 1.1 Track conditions at location that rail break by head checks 

occurred 

 A B 

Curve radius 1000  800m 

Rail type 60kg* 60kg* 

Rail material As-rolled Head-hardened 

Track structure Concrete slab Ballast 

Accumulated tonnage 410 MGT 260 MGT 

60kg 60kg rail (JIS E 1101)   
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Fig. 1.18 Track inspection train (East-i) 

Fig. 1.17 Rail flow detection vehicle (RFD) 



19 
 

Fig. 1.19 Rate of track length with head checks to curved track length  

Table 1.2 Standard to install head-hardened rail (CWR, curved track)  

(As of 2013) 

Classification Low rail High rail 

First class As-rolled As-rolled: R>800m 

Head-hardened: R<=800m Second class As-rolled 

Third class As-rolled 
As-rolled: R>500m 

Head-hardened: R<=500m 

Fourth class 
>= 3MGT As-rolled 

As-rolled: R>300m 

Head-hardened: R<=300m 

Others As-rolled As-rolled 

 R: curve radius 
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Fig. 1.20 Rate of transition curve length to curved track length  with 

head checks

Table 1.3 Chemical compositions and material properties  

 As-rolled Head-hardened 

Chemical 

compositions 

(%)  

C 0.63 - 0.75 0.72 - 0.82 

Si 0.15 - 0.30 0.10 - 0.55 

Mn 0.7 - 1.1 0.7 – 1.1 

P 0.03 max. 0.03 max.  

S 0.025 max. 0.020 max.  

Cr ---  0.2 max.  

Mo ---  ---  

V ---  0.3 max.*  

Material 

properties 

Hardness (HB) 235 min. 319 – 366 

Tensile strength (N/mm 2) 800 min. 900 -1050 

Elongation (%) 10 min. 8 min. 
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Fig. 1.21 Accumulated tonnage when flaking occurred  

Fig. 1.22 Lateral force at position of rail with head checks  
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Fig. 1.23 Measurement technique (rail after liquid penetrate test)  
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 (1) Horizontal direction area 

Fig. 1.24 Area of head check cracks on rail surface  

(2) Height direction area 
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Fig. 1.25 Head check cracks inside and outside tunnel  

(1) Inside tunnel               (2) Outside tunnel  
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Fig. 1.26 Internal cracks of head checks inside and outside tunnel  

(1) Inside tunnel 

 (2) Outside tunnel

Section at 10mm from gage corner  

Section at 10mm from gage corner  
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Fig. 1.27 Tache ovale  [24]  
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Fig. 1.29 High rail smashed in pieces at the derailment accident [22 ]  

Fig. 1.28 Derailment accident site at Hatfield [22 ]  
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Fig. 1.31 BS 113A rail 

Fig. 1.32 BS P8 wheel [25]  

Fig. 1.33 Rail crown surface at the accident point 

(Gage corner cracking) [22]  
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Fig. 1.34 Rail crown surface at the accident point (Spalling) [22 ] 

Fig. 1.35 Rail crown surface at the accident point  

(Flaking from horizontal defect) [22]  

Fig. 1.36 Cross section of rail break at the accident point [22]
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Table 1.4 Rail failures in EU, USA and South Africa  

 



34 
 

Fig. 1.37 Rate of rail break (1999, DB in 1996

Spoornet in 2000) 
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Fig. 1.37 Construction of this treatise
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Fig. 2.1 Cause of rail replacement (JR east average in 1998 and 1999) 

Fig. 2.2 Details of rail replacement caused by defects  

(JR east average in 1998 and 1999)
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Fig. 2.3 Details of rail replacement caused by defects 

(Tokyo branch office) 

(2) Average in 2006 and 2007 

(1) Average in 1998 and 1999 
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Fig. 2.4 History of wheel profile and rail profile, and 

introduction of head-hardened rail

Fig. 2.5 Difference of wheel tread 

(2) Arc tread 

(1) Cony tread ((( )))



48 
 

Fig. 2.6 Design profiles of 50kgN rail and 60kg rail

(1) 50kgN rail

(2) 60kg rail
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Fig. 2.7 Head checks at a research line in 2004 
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Fig. 2.8 Difference of bogie structure 

(1) Old series train (swing-hanger type) 

(2) New series train (Bolsterless type  

Table 2.1 History of rail condition and car structure 

 Rail condition Car structure 

1990s - Rail replacement: 1991 - New express train start 

to run: 1991.3 

 

- Exchange for new local 

train gradually: 

1994.12 – 1999.12 

2000s - Head checks appear: after 

2001 (Hearing) 

 

 

- Introduce new wheel 

tread profile: 

2003.4 

In 2004 - Head checks with flaking: 

about 200MGT 
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Fig. 2.9 Contact position between worn rail and wheels  [8]

(1) Cony tread                      (2) Arc tread

Fig. 2.10 Change of flange angle [8]

(1) Cony tread 

 (2) Arc tread
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Fig. 2.11 On-board lubricant system for rail  

Fig. 2.12 Wayside lubricant system 

Fig. 2.13 Pitting at curved track lubricated by on-board system 
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Fig. 2.14 Relation between accumulated tonnage and curve radius of 

track with pitting (19 lines in Tokyo metropolitan area) 

Fig. 2.15 Lubricant system for wheel flange 
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Table 3.1 Rail detection cycle by RFD (As of 2013)  

Classification General section Special section* 

First class Twice a year or once a year  Twice a year or once a year  

Second class Once a year or once in two 

years 

Once a year 

 

Third class Once in three years or once 

in four years 

Once in two years or once in 

three years 

Fourth class Once in four years or once 

in five years 

Once in three years 

*Special section: Rail has remarkable wear and defect  
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Fig. 3.1 Rail defect management in JR East  
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(1) Tire probe

Fig. 3.2 Two different probe structures
(2) Sliding probe

Fig. 3.3 Arrangement of tire probes
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Fig. 3.4 Examples of rail defects detected by tire probes

Fig. 3.5 Scope image of a rail defect detected by ultra-sonic wave

Head checks
Transverse defect 
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Running direction 

70 degree probe 

Fig. 3.6 Problem when detecting vertical defect of squat by 70 

degrees ultra-sonic wave 
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Fig. 3.7 Internal cracks of head checks at gage corner 

Fig. 3.8 Internal cracks of head checks with severe flaking at center  
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Fig. 3.9 Former image system for rail head surface 

Fig. 3.10 Picture of head checks with former image system 
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Fig. 3.11 Camera and light used under the test  

Table 3.2 Performance of the camera 

Item Performance 

Link system Camera link 

Image sensor CCD (14L x 14W μm per pixel

Pixel count 512 (Direction of rail-head width)

Sampling interval 0.25mm
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Fig. 3.12 Position in which the photography system was installed  

Fig. 3.13 System composition to running tests 
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Fig. 3.14 Picture of head checks taken with new image system at test 

Fig. 3.15 Picture of head checks taken on site  
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Fig. 3.17 Picture of head checks taken with new image system 

Fig. 3.16 Image system installed on the newest rail flow detecting car  
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Fig. 3.18 Detection method by double probe technique from 

both rail-head sides

Fig. 3.19 Problem of detection by double probe technique for worn rail  

Fig. 3.20 Detection methods from upper fishing surface  
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Fig. 3.21 Ultrasonic flow detector detecting vertical crack 

from upper fishing surface of rail head 
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Fig. 3.22 Principal of phased array system 

Vibrators of probe 

Ultrasonic waves 
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Fig. 3.23 Principal of sector scan by phased array system

(1) 50kgN probe                     (2) 60kg probe  

Fig. 3.24 Phased array probes 
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Table 3.3 Specification of array probes 

Item Specification 

Frequency 3 MHz 

Vibrator material  Composite 

Number of vibrating 

element 
16 

Vibrating element size  L 10 mm x W 0.6 mm 

Interval  0.7 mm 

Gap 0.1 mm 

Refractive angle 60 degrees 

Array probe size L 25 mm x W 17.5 mm 
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3.1  

P1 P2 (%) 

 

 

(1) 50kgN probe                   (2) 60kg probe  

Fig. 3.25 Detection area by phased array system 

dB  
2

1log20
P
P
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Fig. 3.26 Test piece for performance test to evaluate 

phased array probes 

(View A) 

Fig. 3.27 Relation between sector angles and gain of 80% echo height  
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Fig. 3.28 Rail piece for performance test to evaluate 

phased array probes 

Fig. 3.29 Performance test method 
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(1) 50kgN probe 

(2) 60kg probe 

Fig. 3.30 Distance amplitude characteristic curve for each probe  
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Fig. 3.32 Distance amplitude characteristic curve by double probe 

Fig. 3.31 Performance test method 
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Fig. 3.33 Rail piece for performance test to evaluate phased array 

system with double probe technique 
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Fig. 3.34 Scanning direction by phased array system 

(1) Forward scanning                 (2) Backward scanning  

Fig. 3.35 Detecting results by forward and backward scanning 
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Table 3.4 Specification of array probes for pilot device 

Item Specification 

Frequency 3 MHz 

Vibrator material  Composite 

Number of vibrating element 10 

Vibrating element size L 10 mm x W 0.6 mm 

Interval 0.7 mm 

Gap 0.1 mm 

Refractive angle 50 degrees 

Array probe size L 40 mm x W 20 mm 
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Fig. 3.36 Phased array detection device with double probe system 
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(1) 50kgN probe                     (2) 60kg probe  

Fig. 3.37 Detection area by phased array detection device with 

double probe system 
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Fig. 3.38 Additional rail piece for performance test to evaluate 

phased array system with double probe technique

Fig. 3.39 Relation between depth of artificial crack and detected depth

(2) 60kg rail

(1) 50kgN rail
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Fig. 3.40 Monitor of detection system when vertical defect was detected  
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Fig. 3.41 Photo and sketch of internal crack detected by 

phased array system 

Fig. 3.42 Test pieces to evaluate performance to detect 

gage corner defect
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Fig. 3.43 Setting position of two probes with double probe system 
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(1) Transmitting probe on upper fish plate of defect side  

Fig. 3.44 Relation between depth of artificial crack and detected depth 

(50kgN rail) 

(2) Receiving probe on upper fish plate of defect side  
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Fig. 3.45 Relation between depth of artificial crack and detected depth 

(60kg rail) 

(1) Transmitting probe on upper fish plate of defect side  

(2) Receiving probe on upper fish plate of defect side  
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Table 4.1 Test machine performances 

Rotation speed 100 - 2,000 rpm 

Load 
Radial:  max. 100 kN, min. 2.0 kN 

Thrust: max. 40 kN, min. 1.0 kN 

Angle of attack -0.3 - +0.3 deg.  

Contact angle  0.0 -  3.0 deg.  

Atmosphere Dry, lubricant (oil ,  water)  

Disk 
Wheel: D=215 mm, 430mm 

Rail:  D=215mm, 430mm 
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Fig. 4.1 Twin-disk test machine (Schematic diagram) 
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C  

V /h  

R m
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V8.4C
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Table 4.2 Track conditions at measurement point  

Curve radius 400 m 

Cant 105 mm 

Rail head profile  

(Weight: 60kg/m) 

Inbound: 50kgN rail  

Outbound: 60kg rail  

Track structures  Ballast, Concrete sleeper 
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Fig.  4.2 Track structure terminology 

Fig. 4.3 Rail-head profiles 

(1) 50kgN rail  (mm)                   (2) 60kg rail  (mm)
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Fig. 4.4 Strain gauge for wheel load and lateral force
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Fig. 4.5 Load calibration device for wheel load and lateral force

Fig. 4.6 Wheel load of a commuter train 

Fig. 4.7  Lateral force of a commuter train  
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Fig. 4.8 Measurement result of wheel load  

Fig. 4.9 Measurement result of lateral Force 
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θr (rad) 

Rh ( ) 

Rb ( ) 

Fig. 4.10 Definition of Rail inclined angle and tilting angle 

Fig. 4.11 Inductive sensors to measure displacement of rail  head and bottom  

150
arctan bh

r
RR
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θw (rad) 

L1 ( ) 

L2 ( ) 

Fig.  4.12 Measurement result of rail tilting angle 

300
arctan 21 LL

w
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Fig. 4.13 Definition of angle of attack

Fig. 4.14 Laser sensors to measure angle of attack

Fig. 4.15 Measurement result of angle of attack (Inbound) 
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Fig. 4.16 FEM model  

Fig. 4.17 Stress-strain curve to contact analysis between rail  and wheel

Table 4.3 Calculation parameters for contact analysis  

Wheel Arc wheel  tread 

Rail  50kgN, 60kg 

Wheel load 65 kN 

lateral force  40 kN 

Rail tilting angle 0.0 deg. 

Rail inclined angle 1.4 deg. 

Angle of attack 0.3 deg.  
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Fig. 4.18 Stress contour of 50kgN rail  contacting arc wheel tread 

1884 MPa 

Fig. 4.19 Calculation result of maximum principal stress  between rail  and Wheel  
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Table 4.4 Comparison with real rail  and wheel profiles and profiles of disks  

 Real rail  and wheel  Rail and wheel disks  

Rail  

Diameter  215 mm 

Rail-head 

profile  

60kg: R13-R50-R600 

50kgN: R13-R80-R300 

60kg: R3.25-R12.5-R150 

50kgN: R3.25 -R20-R7.5 

wheel 

Diameter 860 mm 215 mm 

Wheel-tread 

profile  

Arc tread 

R14-R80-R320-R900 

Arc tread 

R3.5-R20-R80-R225 
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Fig. 4.20 Profiles of wheel disk and rail  disks (1/4 size)

(1) Wheel disk

(2) 50kgN rail  disk

(3) 60kg rail  disk
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Fig. 4.21 Twin-disk test machine (Contact situation of disks) 

 

 

Rail disk 

Wheel flange  

Wheel disk 

Radial load

Thrust 
load 

Table 4.5 Track and wheel conditions for laboratory e xperiment 

Wheel tread Arc wheel  tread 

Rail material  

Rail crown profile  

Heat treated rail  

50kgN and 60kg 

Train speed 100 km/h 

Wheel load 65 kN 

lateral force  20 kN 

Angle of attack 0.3 deg.  

Rail tilting angle  0.0 deg.  

Rail inclined angle  1.4 deg.  
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Table 4.6 Results Calculated by arc wheel tread 

 (Wheel load: 65 kN, lateral force: 40 kN)  

60kg profile disk 
Radial load: 2.9 kN 

Thrust load: 1.8  kN 

50kgN profile disk 
Radial load: 2.8 kN 

Thrust load: 1.9  kN 

 

Table 4.7 Laboratory experiment parameter  for wear test 

Wheel disk Arc wheel tread 

Rail disk 60kg and 50kgN crown profile 

Radial load 2.9 kN 

Thrust load 1.0 kN 

Angle of attack 0.3 deg.  

Contact angle 1.4 deg.  

Rotation speed 600 rpm 

 



124 
 

 

 

 

Fig. 4.22 Position of wear measurement  
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Fig. 4.23 Wear amount of 60kg and 50kgN 
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Q : t  

W : kN  

Nw :  

 

Q : t  
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Nr :  

WN
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W2Q
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Fig. 4.24 Rail wear on service 
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Table 4.8 Track conditions and trains running on the track  

Curve radius 800 m 

Cant 69 mm 

Rail type 50kgN rail  (Head-hardened rail)  

Track structures  Ballast, Concrete sleeper 

Train type and 

classification 

Old type (bolster bogie): Local train, Express train  

New type (bolsterless bogie): Local train, Express train  
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Fig. 4.25 Wheel loads of an express train 

Fig. 4.26 Result of wheel load 
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Fig. 4.27 Lateral force of an express train  
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Fig. 4.28 Result of lateral force  
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4.6

θr (rad) 

RXa ( ) 

RXb ( ) 

Fig. 4.29 Cantilever type sensors  to measure displacement of rail head and bottom 

130
arctan XbXa

r
RR
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Fig. 4.30 Rail tilting angle of express 

Fig. 4.31 Result of rail tilting angle  
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Fig. 4.32 Angle of attack of express 

Fig. 4.33 Result of angle of attack 
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Table 4.9 Track conditions and trains running on the track  

Wheel load 

(kN) 

Lateral force  

(kN) 

Rail tilting angle 

(deg.) 

Angle of attack 

(deg.) 

50 5, 10 0.0 0.0, 0.1 
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Table 4.10 Comparison with real rail  and wheel profiles and profiles of disks  

 Real rail  and wheel  Rail and wheel disks  

Rail  

Diameter  430 mm 

Rail-head profile  
60kg: R13-R50-R600 

50kgN: R13-R80-R300 

60kg: R6.5-R25-R300 

50kgN: R6.5-R40-R150 

wheel 

Diameter 860 mm 430 mm 

Wheel-tread profile  
Arc tread 

R14-R80-R320-R900 

Arc tread 

R7-R40-R160-R450 
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Fig. 4.34 Profiles of wheel disk and rail  disks (1/ 2 size)

(1) Wheel disk

(2) 50kgN rail  disk

(3) 60kg rail  disk
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Fig. 4.35 Calculation result of maximum principal stress between rail 

Table 4.11 Experimental  conditions for twin-disk test machine 

Rail disk type 

Angle of 

attack 

(deg.) 

Lateral 

force 

(kN) 

Radial 

load 

(kN) 

Thrust 

load 

(kN) 

Test No.  

50kgN 
 

Wheel load: 
50 kN 

0.0 
5 7.7 0.8 (1) 

10 7.7 1.5 (2) 

0.1 
5 8.9 0.9 (3) 

10 9.9 2.0 (4) 

60kg 
 

Wheel load: 
50 kN 

0.0 
5 7.9 0.8 (5) 

10 7.8 1.6 (6) 

0.1 
5 8.9 0.9 (7) 

10 9.6 1.9 (8) 
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Fig. 4.36 Experimental situation of the test machine which set 1/2 size disks  
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Fig. 4.37 Difference of head check cracks in different angle of attack

(1) 0.0 degrees                        (2) 0.1 degrees

Fig. 4.38 Situation of rail  disk head after 10.6 million rotations  

(1) Picture                       (2) Profiles of rail disk head  

Table 4.12 Experimental  conditions until head checks with flaking occur  

Test order 1st 2nd 3rd 4th 5th 

Rotation 

number 

0 – 4 

mill ion 

4 – 8 

million 

8 – 8.15 

million 

8.15 – 9.35 

million 

9.35 – 10.7 

million 

Wheel disk First disk    Second disk 

Drive condition Wheel disk: drive, Rail  disk: follower 

Radial load 7.8 kN  9.6 kN   

Thrust load 1.6 kN  1.9 kN   

Angle of attack 0.0 deg.   0.1 deg.    

Contact angle 1.4 deg.      

Lubrication Water Dry  Water  
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Table 4.13 Experimental condition to evaluate head check with flaking  

Rail disk type 
Radial 

load 

Thrust 

load 

Angle of 

attack 

Contact 

angle 

50kgN 
Wheel load: 50 kN 

Lateral force: 10 kN 
9.9 kN 2.0 kN 0.1 deg. 1.4 deg. 

60kg 
Wheel load: 50 kN 

Lateral force: 10 kN 
9.6 kN 1.9 kN 0.1 deg. 1.4 deg.  
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Table 4.14 Experimental  conditions with 50kgN rail disk of head -hardened 

Test order  1st 2nd 

Rotation number 0 – 5.9 million 5.9 – 10.7 million 

Wheel disk First disk Second disk 

Drive condition Wheel disk:  drive, Rail disk: follower  

Radial load 9.9 kN  

Thrust load 2.0 kN  

Angle of attack 0.1 deg.   

Contact angle  1.4 deg.   

Lubrication Water  
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Fig. 4.39 Situation of rail  disk head after 0.85 million rotations 

Fig. 4.40 Situation of rail  disk head after 7.8 million rotations 

Fig. 4.41 Situation of rail  disk head after 10.6 million rotations 
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Fig. 4.42 Progress of head check cracks after 7.8 million rotations

General cracks 

A crack which progressed to 

the inside of rail head 
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Fig. 5.1 Carbon rate and hardness on wheel and rail disks

Table 5.1 Experimental  rail materials  

Material  Characteristics 

HH340 Head hardened rail,  C:  0.72-0.82 %,  319-366 HB 

Standard As-rolled steel rail ,  C: 0.63-0.75 %, Over 250 HB 

HE370 Hyper-eutectoid steel rail  C:  0.85-0.95 %, 341-397 HB 

Bainite  Bainit ic  steel rail ,  C:  0.10-0.50 %,  235-285 HB 

Test A New concept rail,  C:0.63-0.75 %, Over 270 HB 

Test B New concept rail,  C:  0.75 -0.82 %,  350-388 HB 
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Table 5.2 Experimental results 

Rail type  

Crack 

occurrence 

(mill ion 

rotations)  

Crack state at 3 

mill ion rotations  

Flaking 

occurrence 

(mill ion 

rotations)  

Flaking state 

over 11 mill ion 

rotations 

HH340 0.65 Clear 7.8 Severe  

Standard 0.65 Not clear  8.9 Severe  

Bainite  0.70 Not clear  7.1 No 

HE370 2.40 Clear 7.6 Not severe 

Test A 0.65 Clear No No 

Test B 0.60 Clear 11.0 Not severe  
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Fig. 5.2 Situation of rail disk head when cracks appeared

(6) Test B disk

(5) Test A disk

(4) HE370 disk

(3) Bainite disk

(2) Standard disk

(1) HH340 disk

At 1.6 million rotations

At 4.2 million rotations

At 0.65 mill ion rotations

At 0.60 mill ion rotations

At 0.85 mill ion rotations

At 0.90 mill ion rotations
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Fig. 5.3 Situation of rail  disk head when first tiny flaking appeared before 

10 million rotatons

(6) Test B disk

(5) Test A disk

(4) HE370 disk

(3) Bainite disk

(2) Standard disk

(1) HH340 disk

At 7.6 million rotations

At 7.1 million rotations

At 8.9 million rotations

At 7.8 million rotations

Flaking has not occurred 

Flaking has not occurred 
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Fig. 5.4 Situation of rail  disk head at 10.5 million rotations  

(6) Test B disk 

(5) Test A disk 

(4) HE370 disk 

(3) Bainite disk 

(2) Standard disk 

(1) HH340 disk 
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Fig. 5.5 Situation of rail  disk head over 11 million rotations

(6) Test B disk

(5) Test A disk

(4) HE370 disk

(3) Bainite disk

(2) Standard disk

(1) HH340 disk

At 13.7 mill ion rotations

At 13.0 mill ion rotations

At 11.0 mill ion rotations

Finished

Finished

Same situation 

At 10.5 million rotations
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Fig. 5.6 Wear rate of rail disks  



159 
 



160 
 

 

Table 5.3 Track characteristic of field test sections  

 Test rail  Track alignment  

Section A HH340, HE370 Radius: 800 m, Cant: 69 mm 

Section B HE370 Radius: 800 m, Cant: 72 mm 

Section C HH340, HE370,  Test A,  Test B  Radius: 800 m, Cant: 95 mm 

 



161 
 

Fig. 5.7 Test site for HE370 

(1) Section A 

(2) Section B 

Inbound 

Outbound

Inbound
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Fig. 5.8 Head check cracks at 32 MGT 

(1) HH340                        (2) HE370 

Fig. 5.9 Internal and surface head check cracks at 82 MGT  

(1) HH340                           (2) HE370 

Table 5.4 Length of head check cracks  

 Surface cracks  Internal cracks  

HH340 17.0 mm on average  1.12 mm on average  

HE370 13.7 mm on average  0.78 mm on average  
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Fig. 5.10 Shelling from head checks (HE370) 

Fig. 5.11 Head checks of HH340 and HH370 in section A at 110 MGT
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Fig. 5.12 Accumulated tonnage when rails were replaced  
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Fig. 5.13 Test site for HE370, Test A and Test B (Section C)  

Outbound

Fig. 5.14 Head checks of HH340, HH370,  Test A and Test B in section C at 52 MGT

(1) HH340                        (2) HE370

(3) Test A                        (4) Test B
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Fig. 5.16 Wear amount at 45 degrees  

Fig. 5.15 Crack length of head checks
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Fig.  5.17 Rail grinding rule by the Ministry of Land, 

Infrastructure and Transport  

Fig. 5.18 Rail grinding area after 2000 
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Fig. 5.19 Position at 5mm from rail top and angle of rail wear
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Fig. 5.20 Analysis result on angle of rail  wear
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Fig. 5.21 Investigation technique on head check cracks

Fig. 5.22 Initiation point of head check crack from gage corner 

Table 5.5 Track characteristic at investigation point on head check cracks  

Curve radius  300m – 1200m 

Curve type  Circular curve and transition curve  

Rail type  50kgN rail and 60kg rail  

Accumulated tonnage  2.1MGT – 535MGT 
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Fig. 5.23 Rail grinding area after 2006
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T  

Fig. 5.24 Relation between Crack length of head checks  and 

accumulated tonnage (Curve radius: 600 - 800m) 

9494.3)ln(8079.2800600 TL
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Table 5.6 Specifications of Analyzed rail  to inside crack and surface crack

(T: Transit ion curve) 

Line Type Material Curve
radius (m)

Tonnage
(MGT)

Shinkansen 60kg HH340 1200 58.0
Shinkansen 60kg HH340 1200 58.0
Shinkansen 60kg HH340 1200 58.0
Shinkansen 60kg HH340 1200 58.0
Shinkansen 60kg HH340 800 58.0
Shinkansen 60kg HH340 T700 58.0
Conventional 60kg Standard 1000 7.3
Conventional 50kgN Standard 1000 251.5
Conventional 50kgN Standard 1000 251.5
Conventional 50kgN Standard 1000 251.5
Conventional 50kgN Standard 1000 251.5
Conventional 60kg HH340 500 232.7
Conventional 60kg HH340 500 89.6
Conventional 60kg HH340 500 232.7
Conventional 60kg HH340 500 52.5
Conventional 50kgN HH340 800 365.0
Shinkansen 60kg HH340 500 96.0
Shinkansen 60kg Standard 4000 374.0
Shinkansen 60kg Standard 4000 376.0

0349.4
340 00001.0 LdHH
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Fig. 5.25 Example for surface cracks and internal cracks of head checks  

Fig. 5.26 Relation between crack length of rail surface and crack depth 

HH340 
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Fig. 5.27 Rail grinding cars

(1) Harsco type                           (2) Speno type

Table 5.7 Performance of rail  grinding cars  

Test Type Curve radius Rail  Grinding pattern 

A Speno 600m HH340 55°,6 passes 

B Speno 600m HH340 55°,8 passes 

C Speno 1000m Standard 55°,6 passes 

D Speno 1000m Standard 55°,8 passes 

E A  Harsco 800m HH340 55°,14 passes 

F B  Harsco 1000m Standard 55°,12 passes 

G D  Harsco 1800m Standard 55°,14 passes 

H E  Harsco 800m HH340 55°,12 passes 

I C  Harsco 2000m Standard 6°,10 passes 

J F  Harsco 1600m Standard 6°,10 passes 
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(1) 55 deg., 14 passes

(2) 55 deg., 12 passes
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Fig. 5.29 Grinding pattern for Harsco

(3) 6 deg.,  10 passes
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Fig. 5.30 Area of head check cracks on  Rail crown

(1) HH340 rail  section (curve radius: 800m and less than 800m)

(2) Standard rail  section (curve radius: over 800m)
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Fig. 5.31 Bottom of Head check cracks at GC side
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Fig. 5.32 Metal removal

Min. 

Max.
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(2) H section

Crack area

Fig. 5.33 Metal removal and rail profile at E and H section

(1) E section

Crack area 
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Table 5.8 Metal removal at 57.5mm from FC side (mm)  

A B C D E F G H I J 

0.37 0.45 0.44 0.34 0.18 0.31 0.52 0.65 0.10 0.14 
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Fig. 5.34 Rail profile to prevent head checks from growing [9]
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