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Axial force is generated within rails due to them being secured by fastening systems and the like, making them unable 
to freely expand and contract.  That axial force fluctuates due to day-to-day changes in temperature and track work, and 
fluctuation is large when rail damage occurs.  Theoretically, when a rail is damaged, axial force becomes 0 while the rail 
at the location of damage moves and axial force fluctuates until it matches the resultant of longitudinal resistance of track 
while rail moves at each point.  However, there are no records of verifying at time of rail damage the relationship between 
axial force and opening amount, the scope of impact of axial force change, and the transmission time.  We therefore 
conducted rail damage simulation tests.  It would be difficult to repeatedly test by actually damaging rails and verifying 
in tests, and there are issues in terms of safety.  We thus put tension on rails using a rail tensioner to a target tensile force 
where rail damage is assumed, then fastened the rail fastening systems and released tensile force all at once to simulate 
rail damage.

2. Overview of Rail Damage Simulation Tests

2.1 Purpose of Tests
Tests were performed to verify the following items.
I. Transmission time of axial force change and scope of impact

Confirmation is made on whether axial force change occurs instantly or gradually and what the scope of the impact 
of that reaches.

II. Estimation of longitudinal resistance γ from axial force after damage
The amount of change in axial force at rail damage depends heavily on longitudinal resistance. Theoretically, 
longitudinal resistance is 0.5 for slab track and 0.6 for ballast track, and whether longitudinal resistance is according 
to theoretic values is verified.

III. Relationship between longitudinal resistance, amount of opening, and amount of axial force change at rail damage
Whether longitudinal resistance, amount of opening, and amount of axial force change are the same relationship as 
the theoretical formula is confirmed. 

IV. Change in axial force generated when longitudinal resistance is large
Longitudinal resistance is thought to be affected by the fastening condition of the rail fastening system, amount of 
crushed stone, and the like.  The amount of axial force change when longitudinal resistance is larger than theoretical 
value is verified. 
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2.2 Testing Method
The test line of the Research and Development Center of JR EAST Group has testing track consisting of a 60 m slab track 
(60 kg rail, mixed direct 8 direct 4 fastening) and ballasted track (50 N rail, e clip).   We simulated on one side when it 
is damaged and performed tests with a 50 m section from the assumed rail damage as the effective length (Fig. 1).  Tests 
were performed by the following method.

(1)Release fastening systems of all rails.
(2)Pull with a rail tensioner (insert roller, homogenize axial force by mallet).
(3)Fasten the fastening systems of all rails.
(4)Releases rail tensioner (simulate rail damage).
(5)Measure value of each strain gauge. 
A commercially available single axis strain gauge was set per 10 m from the assumed location of rail damage.  The 

strain gauge was set on the neutral axis of rail web and strain converted to axial force by multiplying the cross-section 
coefficient of each rail.

2.3 Test Conditions 
Tensile force of the tests was decided with the minimum value being when assumed amount of opening at rail splitting 
to be 20 mm and maximum value being when damaged at minimum rail temperature.   Tensile force of the tests and 
assumed amount of opening on the 50 m test track were calculated by the folowing.1)

(1) Tensile force calculation
Formula (1)
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(2) Amount of rail movement, etc. when amount of opening is 20 mm

Where, P: Axial force before rail damage, γ: Rail longitudinal resistance, E: Young’ s modulus of rail, A: Rail cross-sectional 
area, e: Amount of opening at damage, ∆t: Temperature difference, X: Movable section length 
(Assuming longitudinal resistance 0.5 for slab and 0.6 for ballast, conventional line set temperature 25 ºC for slab track and 
35 ºC for ballasted track)
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Where, P: Axial force before rail damage, γ: Rail longitudinal resistance, E: Young’s modulus of rail, A: Rail cross-
sectional area, e: Amount of opening at damage, Δt: Temperature difference, X: Movable section length 

(Assuming longitudinal resistance 0.5 for slab and 0.6 for ballast, conventional line set temperature 25 ºC for slab 
track and 35 ºC for ballasted track)

Table 1 shows the maximum and minimum tensile force of slab 
track and ballasted track obtained from Formula (1) to Formula 
(7).  Minimum tensile force was 400 kN and maximum tensile 
force was 700 kN for both slab track and ballasted track, so tests 
were performed per 100 kN from 400 kN to 700 kN.  Slab track 
test cases were labeled S-400 to S-700 and ballasted track test cases were labeled B-400 to B-700.

In order for the testing environment to be the same in each test case, we fastened on slab track with a torque power 
wrench used on the Shinkansen when fastening rail fastening systems while confirming all fastening torque values.  In 
order to obtain normal resistance to rail-creepage between rails and track pads, we replaced all track pads in advance.  
When performing tests on ballasted track, we performed tamping with a vertical rammer after performing each test case.  
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Fig. 1  Rail Damage Simulation Test

Tensile Force Max. Min. Notes

Slab track 651 kN 404 kN 60 kg rail

Ballasted track 693 kN 403 kN 50 N rail

Table 1  Maximum/Minimum Tensile Force
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For verification covered in 2.1 (1) item IV, we focused on the structure where slab track rails slide on the fastening systems 
and set test cases of fastening torque of 1.5 times normal and tensile force of 700 kN and conducted verification.

3. Test Results and Considerations

Rail damage simulation tests were performed from February 5 to 9, 2018 at the Research and Development Center of 
JR EAST Group.  

3.1 Axial Force Change Transmission Time and Scope of Impact
Fig. 2 shows change over time of axial force at each point after tensile force is released for transmission time of axial force 
change after rail damage simulation tests.  The figure shows the results at tensile force of 400 kN as examples from all test 
cases (S-400 and B-400).  Regardless of distance from assumed location of rail damage, axial force change settles in about 
2 seconds, and the same trend is seen in other case examples as well.  

Next, Fig. 3 shows axial force at each point after damage for the scope of impact of axial force change, and Tables 2 
and 3 show the amount of change in axial force from before damage.  The dotted lines in the graphs represent assumed 
axial force of each point.  While change in axial force is captured at about 50 m from the damage location, all are above 
the dotted line and the amount of change in axial force was small.  From the test results, we confirmed that the calculated 
longitudinal resistance was larger than initially anticipated and variation occurs.

3.2 Estimation of Longitudinal Resistance γ from Axial Force after Damage
Longitudinal resistance estimated from axial force after damage was tested in a way that the testing environment was 
the same for each test case, but variation occurred per test case and overall average value was 0.76 for slab track (0.5 
anticipated) and 0.86 for ballasted track (0.6 anticipated), approx. 1.5 times the anticipated value for both tracks.  Also, 
the larger the tensile force is with slab track, the smaller the longitudinal resistance is calculated; and the larger the tensile 
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Fig. 2  Change Over Time of Axial Force After Release of Tensile Force (Left: S-400 Right: B-400)
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Fig. 3  Residual Axial Force at Each Point After Damage (Left: Slab Track Right: Ballasted Track)

Table 3  Amount of Change in Axial Force Before and After Damage (Ballasted Track)Table 2  Amount of Change in Axial Force Before and After Damage (Slab Track)

(kN) Amount of opening 10 m 20 m 30 40 m 50 m

B-400 16 mm 352 258 186 124 73

B-500 24 mm 365 262 176 127 78

B-600 38 mm 447 336 250 169 120

B-700 44 mm 588 479 380 299 218

(kN) Amount of opening 10 m 20 m 30 m 40 m 50 m

S-400 12 mm 366 185 156 65 24

S-500 22 mm 439 334 257 181 118

S-600 28 mm 603 462 370 275 204

S-700 36 mm 717 556 471 427 334
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force is with ballasted track, the larger the longitudinal resistance is calculated.  Differences in method of resisting for 
slab track and ballasted track may be shown, but testing was done once per test case this time, so we need to increase the 
number of samples in the future and verify. 

3.3 Relationship Between Longitudinal Resistance, Amount of Opening, and Amount of Axial Force Change
Relationship between longitudinal resistance, amount of opening, and amount of axial force change is obtained as shown 
in Formula (8).  Fig. 4 and 5 show the relationship between amount of opening and amount of axial force change after rail 
damage simulation tests (example for 50 m point).  From the graph, we confirmed that a relationship between amount of 
opening and amount of axial force change at occurrence of damage fairly close to the theoretical formula can be obtained, 
except for the test case of 700 kN maximum tensile force, if longitudinal resistance is determined.  Therefore, amount of 
opening and amount of axial force change is determined dependent on longitudinal resistance.

3.4 Change in Axial Force Generated when Longitudinal Resistance is Large
Table 4 shows the amount of change in axial force before and after damage when fastening torque is 1.5 times total 
fastening (test case S-700) for slab track, and Table 5 shows longitudinal resistance γ estimated from axial force after 
damage.  Compared with that at prescribed fastening, change in axial force becomes small and longitudinal resistance is 
approx. double.  Torque management is not done in repairs on conventional lines, so the impact of variance in torque 
cannot be ignored.  Thus, as a simple test to evaluate the degree of variance in torque, we fastened a direct 8 fastening 
system by impact wrench and confirmed fastening force by torque wrench.  Two of the three subjects had experience as 
track construction managers.  Their experience with railways was 7, 9, and 10 years, and they were instructed to make 10 
fastenings “as usual” each.  Test results showed large variance in average fastening torque between test subjects, and even 
with the same test subjects, large variance in fastening torque was seen.  Also, torque was 1.08 to 1.90 times the prescribed 
toque of 60 N·m, and we found that rails were fastened very strongly. 

4. Conclusion

(1)  Change in axial force after rail damage is immediately transmitted regardless of distance from damage location, but 
amount of change in axial force is smaller than the theoretical value.

(2)  Longitudinal resistance calculated from test results is about 1.5 times the anticipated value with both slab and 
ballasted track, and variance occurred per tensile force measured even when testing environments match.  When 
fastening torque is large, longitudinal resistance becomes even larger. 

We were able to obtain information valuable for future continuous welded rail management through these tests.

Reference:
1) Hosen Kougaku Henshu Iinkai, ed., Hosen Kougaku (Jo) [in Japanese] (2017): 303-311.
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Fig. 5  Amount of Opening - Amount of Change in Axial Force at 
50 m Point (Ballasted Track)

Fig. 4  Amount of Opening - Amount of Change in Axial Force at 
50 m Point (Slab Track)

(kN) Amount of opening 10 m 20 m 30 m 40 m 50 m

Test case S-700 21 mm 565 323 171 84 26

S-700 36 mm 717 556 471 427 334

γ 0-10 10-20 20-30 30-40 40-50 Average

Test case S-700 1.1 2.1 1.5 0.9 0.5 1.38

S-700 0.1 1.3 0.7 0.4 0.9 0.64

Table 5  Longitudinal Resistance γ Found from Axial Force 
at Each Point (Slab Track)

Table 4  Amount of Change in Axial Force Before and 
After Damage (Slab Track)


