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ReseaRch on the DegRaDation PRocess of Railway Rails Due  
to lifesPan exceeDing

The paper presents the impact of exceeding the railway rails lifespan which usually causes a railway structural failure, thus 
an accident. The research highlights the rails’s high degradation, especially on the running area, consisting in 60-70% weight loss 
by advanced wear of the rail, followed by fatigue fracture caused by alternating cyclic stresses that initiates the crack and also by 
tensile stresses resulting in the crack growth. The chemical composition, structural and mechanical properties were analyzed in 
order to establish the causes that led to the railway rails rupture.
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1. introduction

rail transport is one of the most important means of trans-
port in terms of cost, safety, time and reliability, being one of 
the less polluting methods of transport. rail transport is acces-
sible for high volume loads and does not raise traffic problems, 
the waiting time being considered minimal. In recent decades, 
railway infrastructure has been widely expanded in urban and 
rural areas. Given the importance of this type of transport, the 
maintenance of the track (line rails) in good condition and 
safe operating along the service life are a priority. Also, the 
prediction of railway degradation is very important in order to 
optimize and reduce the railways maintenance and operating  
costs [1,2].

of great importance also is maintenance planning, through 
a wide range of management systems of transport engineering 
assets, optimization planning and decision making in order to 
avoid accidents due to poor maintenance of the track system [3]. 
The line rails are highly strained hence being made of very high 
quality steel. many decades are needed to improve the quality 
of the material. minor steel defects that may not be a problem 
in other applications can lead to broken rails and dangerous 
derailment when used on rail tracks.

2. Materials and methods

The present research aimed to determine the causes that 
led to the degradation of the railway tracks as a result of ex-
ceeding their lifespan, which led to the occurrence of a railway 
accident. The investigated material was a line rail coupon in 
the breaking area that showed numerous defects of the contact 
surface.  Figure 1 shows the aspect of this tested and analyzed 
sample.

Fig. 1. Coupon aspect in the fracture zone

The following investigation tests were performed: 
– determination of the chemical composition by optical 

emission spectrometry, using the LeCO GdS 500a spec-
trometer; 
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– macroscopic analysis of the affected surfaces; 
– Brinell hardness tests were performed on universal 

static hardness testing machine BuehLer-WILson, 
reiCherter uh 250; 

– optical microscopy metallographic analyses were performed 
on an OLyMPuS BX 51 M microscope;

– tensile tests were performed using the 250 kn, inStrOn 
MOdeL 8802 universal tensile testing machine. 

– the impact test was performed using the inStrOn 450 
mPX V2-J1 motorized pendulum impact testing system 
accessorized with Charpy hammer.

3. Results and discussions

The results obtained from the analyzes and investigations 
performed are presented as follows.

3.1. sample chemical composition analysis

The line rail sample chemical composition determined by 
optical emission spectrometry is shown in Table 1.

From the compositional data, the material falls into the 
grade r260, frequently used in the production of “VIGnoLe” 
type line rails.

3.2. Macroscopic analysis of the fractured surfaces

Figure 2 shows the breaking areas and surfaces of the line 
rail that were macroscopically examined.

The macroscopic analysis of fracture surfaces suggests 
a classic type of rolling contact fatigue fracture under alternat-
ing cycles. 

Fatigue is the progressive and localized structural dam-
age that occurs when a material is subjected to cyclic loading. 
The nominal maximum stress values are less than the ultimate 
tensile stress limit, and may be below the yield stress limit of 
the material.

Fracture occurs by a three step process involving:
1. nucleation of a crack (initiation): the nucleation sides are 

near the surface and are represented by surface defects: 
scratches, sharp corners due to the poor design or manu-
facture, inclusions or dislocation concentrations;

2. slow cyclic propagation of the crack (fatigue crack propaga-
tion);

3. catastrophic failure of the metal (fast fracture).
one has to mention that cyclic stress initiates the crack 

but tensile stress is also involved in the crack growth, up to the 
final fast fracture.

Thus, in the upper part of the line rail (rail head), several 
microcracks appear which, under stress, are propagating slowly 
and intermittently. In that region, the appearance of the surfaces 
separated by the crack has a smooth character, which shows that 
the fracture was advancing through the ductile mechanism. once 
the effective section has been exceeded, the rupture progresses 
rapidly, according to the fragile mechanism. The advancing 
direction is uncontrolled, exhibiting a jag or spaced faults fea-
ture, quickly traversing the rail web and ending in the rail base. 
The feature in these areas is grained, rough, specific to fragile 
rapid rupture. Considering our line rail coupon and evaluating 
the surface quality of the rail head in longitudinal plan but also 
from a side view, its advanced wear is very clearly highlighted.

Fatigue fractures may be generated as a consequence of 
mechanical loading, of a thermal loading or may be a result 
of the combination of both mechanical and thermal loadings [4].

But several other defects are induced by a crack initia-
tion and a propagation phenomenon, not necessarily a fatigue 
fracture.

TABLe 1

Line rail sample chemical composition values

chemical element / sample vs. 
reference material

c
%

Mn
%

si
%

s
%

P
%

cu
%

cr
%

ni
%

ti
%

sample* (r260 – like) 0.821 0.971 0.257 0.026 0.013 0.011 0.019 0.015 0.020
r260 (Sr en 13674-1) 0.60-0.82 0.65-1.25 0.13-0.60 0.008-0.03 max. 0.030 0.15 max. 0.15 0.1 0.025

* Part of the studied line rail piece.

Fig. 2. aspect of macroscopically analyzed areas and fracture surfaces
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The crack initiation and propagation processes resulting 
from a mechanical loading have been widely studied [5-9]. 
Thermally damaged surface layers, called white etching layers 
(WeLs), also contribute to crack initiation [10-13]. Cracks nu-
cleating in or close to WeLs can develop into so-called squats 
and studs on the rail head [4], leading to delaminations, which 
are numerous on our studied coupon.

There are many areas where the metallic material shows 
cracks, damaged surface layers and severe delaminations. From 
the side view one may see the specific gauge corner (fillet) zones 
being very asymmetrical, with different fillet radii and uneven 
opening angles that suggest advanced wear.

3.3. Vickers hardness tests 

Vickers hardness tests were chosen in order to establish 
the hardness distribution in the sample’s cross section. Figure 3 
shows the hardness distribution diagram in the line rail cross-
section. 

Fig. 3. vickers hardness values distribution on the line rail sample 
cross-section

Table 2 shows Vickers hardness values tested on the top of 
the rail head. Three tests were performed.

TABLe 2
Vickers hardness values tested on the top of the rail head

sample /test
Vickers hardness hV1
steel grade R260 – like

1 360
2 410
3 410

Average value 394

The hardness distribution on the line rail profile in the three 
areas: rail head, rail web and rail base highlights the following: 
– raiL head – in the upper part one can find higher values 

(360-410 hv) that lower down to a stable value of 270 hv 
in its core zone; 

– rAIL WeB – the average hardness values are of approxi-
mately 270 hv; 

– rAIL BAse – the average hardness values are of ap-
proximately 280 hv; these average values of approximately 
270 hV are characteristic for the equilibrium structure of 
a slightly hypereutectoid, light alloyed steel, such as the 
line rail that is under investigation. 
The hardness values recorded on the top of the rail head and 

on the gauge corner and symmetrical zone (fillet zones) suggest 
the modification of the structure over time by surface hardening 
phenomena, meaning a strain hardening, phenomenon consisting 
in a hardening under load. It is also known as work (cold) hard-
ening: in a steel structure submitted to a load, the ferrite flattens 
and the cementite lamellae fragment, becoming preferentially 
oriented along with the ferrite crystals (or lamellae), respectively 
perpendicular to the load direction. It is the stress type the line 
rails are usually submitted to in service.

3.4. Metallographic analysis

metallographic investigations were performed by optical 
microscopy as follows: 
A) on unetched samples – for the evaluation of the material 

inclusions; 
B) on etched samples – to highlight the metallographic 

structure of the steel. The etching was performed with the 
specific ferrous alloys chemical reagent, nital 2%. samples 
were previously prepared according to standard procedures. 
Thus, they were cut and, using a coolant in order to avoid 
local overheating that would modify the structure, they were 
embedded in resin, ground and polished.
samples were incorporated in two ways – in cross section 

and in longitudinal section.
a) unetched samples 

The highlighted inclusion state is considered to be a correct 
one, according to the steel chemical composition determined by 
optical emission spectrometry. The analysis was performed both 
in longitudinal section and in cross section at ×100 magnifica-
tion, according to the specialized standard. Very relevant are 
the examinations performed in longitudinal section. Thus, one 
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can observe either dispersed, crushed inclusions with angular 
edges, considered to be alumino-silicates resulted from specific 
deoxidation reactions taking place along the smelting process, 
or continuous, elongated inclusions identified as plastic inclu-
sions of mns, also forming on smelting from desulfurization 
reactions. All inclusions, without exception, show a preferential 
orientation being aligned along the hot rolling stress direction, 
the deformation process being part of the line rails manufacture  
technology.
B) etched samples 

The samples were analyzed by optical microscopy in order 
to determine their microstructural features. samples from the line 

rail head, web and base were cut and prepared for analysis. The 
images in the following figures show the optical micrographs, 
performed at magnifications of 100× and 500×, respectively.

in Figure 5(a), the microstructure recorded in the superficial 
area a very thin layer on the line rail head. 

Figure 5(b) reveals better the superficial layer, having 
a depth of 20-40 µm and a rather fine needle – like feature, that 
is, in fact, deformed pearlite. Consequently to a very long time 
load application, perpendicular to the top of the rail head, the fer-
rite lamellae flatten, the cementite lamellae shatter, becoming 
preferentially oriented along the thinned ferrite lamellae, also 
perpendicular to the load application direction. The structure 

Fig. 4. Optical micrographs of the unetched samples: a) cross-section, b) longitudinal section, 100×

Fig. 5. Optical micrographs of the line rail head, reagent nital 2%, a) 100×, b) 500×

Fig. 6. Optical micrographs of the line rail web, reagent nital 2%, a) 100×, b) 500×
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evolves towards the rail web and stabilizes when reaching the 
core zone, being mainly formed of lamellar perlite that corre-
sponds to the initial structure. some similar gradient structures 
were reported in other studies [14].

One may also notice in Figure 5 an irregular profile of the 
rail head exterior side and fillet, suggestive of an advanced wear 
process that took place in a long operating time of the line rail.

The structures corresponding to the rail web and rail 
base zones (Fig. 6 and Fig. 7) are lamellar perlite equilibrium 
structures, expected to be found in a steel with this chemical 
composition.

3.5. Mechanical tests 

Figure 8 shows the stress-strain curve obtained by tensile 
testing as well as values of ultimate tensile strength (1014 MPa), 
elongation at break (A = 13%), striction (Z = 19%).

Besides these values, one can easily read on the diagram 
that the yield strength is approximately 500 MPa.

according to the Sr en 13674-1 norm, the r260 steel 
grade must have the following mechanical characteristics val-
ues: Rm = min. 880 MPa; A = min 10%; HBW = 260-300, on 
the longitudinal axis.

These hBW values are equivalent to 270-310 hV, thus the 
hardness values recorded fall into the norm interval for r260 
steel grade.

hence the steel submitted to the investigation has the same 
mechanical characteristics values as the r260 steel which is the 
widely used for manufacturing line rails nowadays.

The only difference reported is that of a higher Vickers 
hardness value (400 hv) on the top of the head rail, resulted as 
a consequence of the strain hardening phenomenon. 

mechanical tests showed that the line rail steel being under 
investigation was correctly chosen. 

3.6. impact toughness test

Impact toughness indicates toughness of a material using 
the value of impact energy absorbed by the material during 
fracturing under impact. 

material impact toughness can be measured by various 
types of test such as the Charpy V-notch impact test which 
was chosen for the present study. The test was performed at 
20°C. The Charpy specimen was sectioned from the rail head, 
transversely on the line rail running direction. The test result is 
shown in Table 3.

Fig. 7. Optical micrographs of the line rail base, reagent nital 2%, a) 100×, b) 500×

Fig. 8. Stress-strain curve obtained by tensile testing, values of yield strength and ultimate tensile strength, elongation at break (A%), striction (Z%)

https://hallo.ro/dictionar-englez-roman/suggestive
https://www.sciencedirect.com/topics/engineering/charpy
https://www.sciencedirect.com/topics/engineering/charpy
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TABLe 3

Impact toughness values

sample R260 – like impact toughness KV,  
absorbed energy [J]

1 3.46
2 3.48
3 3.43

Average value 3.46

As one can see, the absorbed energy at impact at 20°C is 
somewhat smaller as compared to that of other pearlitic steels 
[15]. in the cited reference, at 20°C the absorbed energy value 
is 5 J, while the value of our tested steel is by 30% smaller.the 
phenomenon is explained by the existence of microstructural 
cracks due to an exeedingly long period of time in service.

4. conclusions

According to the chemical composition, the material falls 
into the category of a steel grade r260, used in the manufacture 
of line rails; macroscopic analysis showed an advanced rails 
wear, especially in the area of maximum cyclic stress (rail head), 
which led to the fatigue rupture failure.

The hardness values are in accordance with the chemical 
composition, but also with the structure modified externally 
by a surface treatment, of mechanical type known as strain 
hardening.

The metallographic analysis highlighted for all the analyzed 
samples some structurally correct microstructures, specific to the 
steel grade used in the line rails manufacture. When examining 
the fillet zone one may see the superficial area exhibiting a very 
advanced wear with pronounced unevenness.

mechanical tests showed that the steel grade used in the line 
rails fabrication was correctly chosen. mechanical characteristics 
fall into the standardized values, excepting the impact toughness. 
the absorbed energy shows a smaller value (3,43 vs. 5 J), sug-
gesting the existence of structural microcracks.

All corroborated data resulting from the analyses performed 
on the line rails samples highlight their advanced wear, especially 
in the area of maximum cyclic stress (rail head), which generates 
the classic phenomenon of fatigue rupture. This is due to the use 
of the line rail well above its safe operating limit.
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