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Plastic Deformation Behavior of Rail Steels under Cyclic Impact Blow

Synopsis :

Makoto AKAMA and Shinsaku MATSUYAMA

Repeated impact blows given by a passing train to the joints cause plastic flow on a rail head, sometimes

resulting in its fatigue fracture.
to be widely used.

To cope with this phenomenon, the End-Hardened rail (EH rail) has come

Though the effectiveness of this kind of rail has been confirmed by field test, the characteristies of plas-
tic flow by cyclic impact blow have not been clarified yet. In this study, cyclic impact blow test and low cy-
cle fatigue test have been performed using 0.75% C steels with different hardness and structure.

The results are summarized as follows :

1) The deformation caused by cyclic impact blow in the pearlite structure is larger than in the tempered

martensite one.

stage of the deformation in cyclic impact blow test.

case of pearlite structure.

In the case of tempered martensite structure, there occurs a cyclic softening at an early
On the contrary, there occurs only hardening in the

2) Dislocation structures in cyclic impact blow test change remarkably with the distance from the impact

surface.
low cycle test.

Further, fatigue behavior in cyclic impact blow test can be estimated almost from the result of

Key words : rail steel ; cyclic impact blow ; low cycle fatigue ; cyclic hardening ; cyclic softening.
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Photo. 1.

A crushed head at rail end.
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Table 1. Chemical composition of specimens 3R Y. HENERY 20KN T, R LITERIE
%
(wt%). 574 67 HTh 5
¢ > o : > o LITRE N 1B 1 B BT O S WA R AH
0.75 0.25 0.93 0.022 0.006 N s
2 =Hy— Hy B X UHABH OITRHBEZEORINE AD=Dy
Table 2. Heat treatments of specimens.
Structure Heat treatment Hardness
Quench Temper
525°C X 60’—water cooled HV 390
Tempered 850°C % 20" 575°C X 60’—~water cooled HV 340
martensite —oil quenched 600°C X 60’—water cooled HV 300
625°C X 60’—water cooled HV 285
Austenitize Isothermal transformation Interlamellar spacing
300°C X 2”—550°C X 20’—water cooled HV 375 0.12pm
Pearlite 850°C % 20" 575°C X 20’—water cooled HV 335
625°C X 20’—water cooled HV 295
As rolled HV 275 0.45 pm
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(a) Impact blow test
Fig. 1.
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(b) Low cycle fatigue test
Dimensions of specimens.

@ Impact hammer @ Crank ® Lifting rod
@ Specimen & Holder

Fig. 2. Impact blow test machine.
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Fig. 3. Impact loading curve.
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Fig. 4. Relation between AH and number of
impact blow.
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Fig. 5. Relation between AD and number of
impact blow.

RHABOGE OB L ERRETRE T A L, B L
2T A PRMEDGHEDNH, hEHNENT L
MHhhb.

Fig. 5 i, ABROITEREZFEOHMNE AD &, T
BE NI LTELLELDTHAS., ZOHBES AH L

— 126 —



L — VRO LTI X B LT AEE) 1827

tempered martensite
(b) P center

Fig. 6. Change of hardness on
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Fig. 7. Stress-strain hysteresis loops.
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Table 3. Monotonic and cyclic mechanical prop- _ 8004, AE2 = 0.4%102
erties. © S~ tempered
< - _martensite (Hv380)
’ ’ ’ ““‘*
oy ay n K n K ~ P
(MPa) {MPa) (MPa) (MPa) (SGOO
Pearlite (HV 365) 690 600 0.12 139 0.25 2670 <
Pearlite (HV 275) 475 445 0.15 1225 0.28 2515
Tempered (yy380) 970 740 0.07 1485 0.20 1824 400
martensite A
Tempered (yyogg) 720 550 0.1 1288 0.17 1760 1 10 100 1000
martensite N
gy : Monotonic yield stress at 0.2 pet offset 1000ﬁ 2EY/D = 08)(10_2
oy : Cyclic vield stress at 0.2 pct offset e e tem_pered

n : Monotonic strain hardening exponent

n' : Cyclic strain hardening exponent

K : Monotonic strength coefficient

K’ : Cyclic strength coefficient
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Fig. 9. Relation between stress amplitude
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Fig. 11. Change of deformation increment Ad with

impact blow.
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Photo. 2. Cracks on the
surface.
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a : Pearlite (HV275)
b : Tempered martensite (HV285)

Photo. 3. Subsurface structure observed by SEM.
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