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Influence of pre-strain on the wear resistance of a plain carbon steel
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Abstract

Dry sliding wear behaviour of a plain carbon steel in different pre-strained conditions was examined in the severe wear regime using a pin-on-disk
wear testing machine. The severe wear regime was ascertained by determining wear rates of the unstrained material at different loads. The primary
experiments were supplemented by microstructural characterization, hardness assessment of specimens before and after wear tests, determination
of tensile properties of the pre-strained specimens and SEM examination of the worn-out surfaces and subsurfaces. The results indicate that the wear
rate of the specimens first increases up to 15% pre-strain and then decreases, while the hardness and tensile strength of the specimens monotonically
increases with increased pre-strain. The mechanism of wear is observed to be subsurface cracking and delamination aided by oxidative wear. The
imposed pre-strain on a specimen is considered to aggravate the nucleation of voids and microcracks resulting in degradation of wear resistance of
the pre-strained specimens. The results infer that wear rates of pre-strained materials are governed by ductility or toughness apart from hardness
and strength.
© 2006 Published by Elsevier B.V.
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1. Introduction

Structural components are often directly put into service
in cold deformed condition. Cold deformation is essentially a
pre-straining process, which alters dislocation substructure of
metallic materials, and in turn, their deformation behaviour.
There exist scattered attempts to understand structure–property
relationships of cold deformed materials with emphasis on prop-
erties like strength [1,2], hardness [3], fatigue [4] and fracture
[5,6]. However, till date, no organized attempt has been made
to understand wear behaviour of materials in the pre-strained
or cold deformed condition. It is well known that sliding wear
is controlled by abrasion, adhesion and delamination [7]. The
process of delamination is caused by the nucleation of voids
or microcracks in a severely strained material with subsequent
propagation of the cracks parallel to the surface [8]. Terheci [9]
reported the existence of two mechanisms for void initiation
during delamination. These are: (i) twin dislocation mechanism
and (ii) void formation around hard inclusions [9]. Since both
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these mechanisms are governed by dislocation substructures, it is
expected that pre-straining of a material will have a considerable
influence on sliding wear behaviour of materials. The content of
this paper is aimed to reveal the nature of such influence on the
wear resistance of 0.15% carbon steel.

Hardness and tensile strength of a material generally increase
with increasing pre-strain or cold work, and the rate of material
removal in adhesive and abrasive wear processes is inversely pro-
portional to hardness [10]. Thus, it is expected that pre-straining
will improve the wear resistance of materials. However, Wang
et al. [11] have emphasized that microstructure plays a domi-
nant role than initial hardness of a material. These investigators
have shown that pearlitic structure having Vickers hardness (Hv)
of 327 kg/mm2 had a lower wear rate than the martensitic struc-
tures having Hv of 772 kg/mm2. Wang et al. [11] explained their
observation using the phenomena of microstructural thermal sta-
bility, resistance to plastic deformation, resistance to nucleation
and propagation of microcracks and thermal conductivity of the
material. Subsequently, Biswas and Kailas [12] have shown that
wear of titanium is significantly greater than that of copper in
spite of the fact that titanium is twice as hard as copper. This was
explained by the strain rate response of stress–strain diagrams,
which lead to crack nucleation at different subsurface depths in
materials [12]. Thus, it is difficult to predict the exact nature of
the influence of pre-strain on a metallic material.
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Table 1
Chemical composition of the investigated steel (wt.%)

C Mn Si P S Cr Ni Cu Al Ca N2 Fe

0.145 0.37 0.05 0.015 0.009 0.03 0.025 0.05 0.026 0.0018 70 ppm Balance

Fig. 1. Typical microstructure of the investigated 0.15%C steel.

The effect of tensile pre-straining on the wear behaviour of a
plain carbon steel is the major content of this paper. The selected
pre-strains were limited within the uniform elongation of the
steel. A series of pin-on-disk wear tests were carried out in the
severe wear regime of the steel, the regime being delineated by
determining the wear rates at different loads for a fixed sliding
speed. The wear experiments are supplemented using studies
related to tensile behaviour of the pre-strained materials, hard-
ness measurements on specimens before and after wear tests,
and SEM examinations of the worn-out surfaces and subsur-
faces. The inherent aim for the overall investigation is to reveal
how pre-strain affects wear resistance of a material.

2. Experimental procedures

2.1. Material and microstructure

The material used in this investigation is 0.15%C steel, which
was available in the form of 13 mm diameter rods. Its chemical
composition is shown in Table 1. All types of tests on this mate-
rial were carried out in the annealed condition. The annealing
was done at 1173 K for half an hour followed by furnace cool-
ing. For microstructural studies, transverse sections of the rod
were ground, polished up to 0.25 �m diamond finish and were
then etched with 2% Nital solution. Optical microscopic exami-
nation indicated that the steel contains well-distributed mixture
of ferrite and pearlite as shown in Fig. 1. The volume fraction of
pearlite in the microstructure was measured by the point count-
ing technique with the help of an image analyzer and was found
to be 14.9 ± 0.98%. The average ferrite grain size was deter-
mined by the linear intercept method [13] and was found to be
14.3 ± 1.8 �m. The average volume fraction of inclusion con-
tent was determined using a Japanese standard method [14] and
was found to be 0.24%.

Fig. 2. Typical engineering stress–strain plot of the investigated steel, indicating
the pre-strain levels at which specimen blanks were unloaded for fabricating wear
specimens.

2.2. Fabrication of specimens

In order to fabricate pre-strained specimens for the wear and
the tensile tests, a series of specimen blanks, approximately
150 mm in length and 8 mm in diameter, were first machined
from the annealed steel rods. These were then pulled in a Shi-
madzu (model: AG-5000G, capacity 50 kN) testing machine at
a crosshead speed of 1 mm/min at room temperature till each
specimen exhibited some pre-determined extension. The pre-
strain levels were selected to be 5, 10, 15 and 20%, as shown in
Fig. 2. Wear pins of 4 mm diameter with 30 mm length and ten-
sile specimens of 5 mm gage diameter with 25 mm gage length
were fabricated from the pre-strained specimen blanks. The lat-
ter were fabricated following ASTM Standard E8M [15]. Similar
specimens were also fabricated from the unstrained rods.

2.3. Tensile test

Tensile tests were carried out at a crosshead speed of
1 mm/min using the Shimadzu testing machine at room temper-
ature of ≈300 K. This crosshead speed corresponds to nominal
strain rate of 6.67 × 10−4 s−1. The average 0.2% strain offset
yield strength and tensile strength of the unstrained annealed
steel were found to be 217 and 329 MPa, respectively, whereas
the uniform and total elongations were estimated as 22.8 and
38%, respectively. The tensile properties of all the tested speci-
mens are listed in Table 2.

2.4. Wear test

Wear experiments were performed on a pin-on-disc machine
(model: Ducom TR 20) following ASTM Standard G 99-03 [16].
The disk was made of hardened En-31 steel. The initial hard-
ness and surface roughness of the disc were Rc 62 and 0.32 �m,
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Table 2
Tensile properties of the investigated specimens

Pre-strain (%) Yield strength (MPa) Tensile strength (MPa) Uniform elongation (%) Total elongation (%)

00 217 ± 9 329 ± 18 22.8 ± 3.8 38.1 ± 4.0
05 298 ± 7 357 ± 3 10.8 ± 0.1 23.4 ± 0.6
10 363 ± 4 382 ± 3 7.0 ± 0.8 19.7 ± 1.3
15 396 ± 2 405 ± 1 4.3 ± 0.5 18.4 ± 1.1
20 414 ± 11 421 ± 8 2.9 ± 0.1 16.9 ± 0.1

Test temperature 298 K
Nominal strain rate 6.67 × 10−4 s−1

respectively. The surfaces of the test pins were ground and pol-
ished up to 0.25 �m diamond finish prior to each test. Both the
disk and the pin were cleaned with acetone before test, and each
specimen was tested on a fresh track of the disk. All tests were
carried out in air at the ambient temperature of ≈300 K and at
relative humidity of ≈45% with a sliding speed of 1.2 m/s. The
normal load was varied between 5 and 70 N on unstrained spec-
imens to determine the transition load from mild to severe wear
whereas a fixed load of 29 N was selected for all wear tests on the
pre-strained specimens. During these tests, the frictional force
was recorded using a 200 N capacity load cell whereas height
loss of the pins was measured using an LVDT of 1 �m accuracy.

2.5. Hardness measurement

Microhardness measurements were carried out on the sur-
faces of the pins before and after the wear tests using a digital
LECO (model: DM 400) microhardness tester. An indentation
load of 200 gmf for loading duration of 15 s was used for these
measurements. The average values of microhardness for each
type of specimen were estimated from 10 readings. This is
because the irregularities on the worn surfaces were large and
the shape of the indentations was often found distorted [17].
For an estimation of microhardness on the worn-out surfaces,
a large number of indentations were taken and the readings for
normal indentations were considered following an earlier report
by Goto and Amamoto [17].

2.6. SEM examination

Approximately 10 mm long samples from the end of the
tested surfaces of the wear specimens were cut. A part of these
samples were ground and polished in the direction normal to
the test surfaces. The worn surfaces as well as their trans-
verse sections were examined in a scanning electron microscope
(model: JEOL, JSM-5800) after appropriate ultrasonic cleaning.

Table 3
Microstructural features of the selected steel

Material SAE1015 steel
Microstructure Ferrite–pearlite
Amount of pearlite phase 14.9 ± 0.98%
Average ferrite grain size 14.3 ± 1.8 �m
Hardness, Hv 114 ± 3.3 kg/mm2

Volume fraction of inclusion 0.24%

Representative photographs of the surface and the subsurface
(transverse direction of the specimens) of the specimens were
recorded.

3. Results and discussions

3.1. Material and microstructure

The composition of the selected steel is shown in Table 1. The
steel can be categorized under SAE grade 1015. The character-
istics of the microstructure of the steel are discussed in Section
2.1, and these are summarized in Table 3.

3.2. Effect of pre-strain on tensile properties

The engineering stress–strain diagrams of the unstrained
and the pre-strained specimens are shown in Fig. 3. The
results in Fig. 3 reveal that the pre-strained specimens do
not exhibit yield point phenomenon unlike the unstrained
specimens. The stress–strain curves were analyzed to esti-
mate their yield strength, tensile strength, uniform elonga-
tion and total elongation, following the suggested principles
in ASTM Standard E8M [15]. The tensile properties of the

Fig. 3. Engineering stress–strain curves for specimens having varying initial
pre-strains.
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Fig. 4. Effect of pre-strain on yield and tensile strength of the investigated
0.15%C steel.

different types of specimens examined are summarized in
Table 2.

The variation of yield and tensile strength with pre-strain that
was imposed on the steel is shown in Fig. 4. The results in Fig. 4
reveal that both yield and tensile strength increases with increas-
ing pre-strain; the yield to tensile strength ratio also increases
with increasing pre-strain. Fig. 5 depicts the nature of varia-
tion of uniform and total elongation versus amount of imposed
pre-strain. Both %uniform and %total elongation decreases with
increasing pre-strain. The observations in Figs. 4 and 5 are quite
similar to earlier studies on pre-strained AISI 4340 steel [18],
316 stainless steel [19] and plain C-Mn steel [20]. Thus, the
recorded influence of pre-strain on tensile properties of 0.15%C
steel is in agreement with similar observations made on other
steels. Bassim and Bayoumi [18] demonstrated through electron
microscopy of dislocation substructure that the rate of change in
strength properties of 4340 steel with pre-straining has a direct
correlation with the development of dislocation substructure.
Following the work of Bassim and Bayoumi [18], the rapid

Fig. 5. Effect of pre-strain on uniform and total elongations of the investigated
0.15%C steel.

Fig. 6. Effect of pre-strain on the strain hardening exponent (n) of the investi-
gated 0.15%C steel.

increase in yield strength with pre-strain in the selected steel is
attributed to the formation of dislocation cell structure in the pre-
strained specimens, which offers a higher resistance to yielding
during tensile testing.

The strain hardening exponent (n) of the pre-strained speci-
mens was determined from the slope of log (true stress) versus
log (true strain) curve. The variation of ‘n’ with pre-strain is
shown in Fig. 6. The results in Fig. 6 indicate that the magni-
tude of ‘n’ decreases with increased pre-strain for the selected

Fig. 7. Typical plot of wear rate vs. normal load for the investigated 0.15%C
steel.

Fig. 8. Typical plot of specific wear rate vs. normal load for the investigated
0.15%C steel.
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Fig. 9. Schematic diagram of wear rate vs. load showing T1 and T2 transition.

material. These results are similar to the reported variation of
strain hardening exponent with pre-strain for HSLA-80 steel [5].

3.3. Estimation of transition load

The wear behaviour of the selected steel has been examined
using two sequential experiments: (a) first by determining the
transition load between mild to severe wear in the unstrained
steel specimens and (b) second by estimating wear rate of the
pre-strained specimens in the selected severe wear regime. All
wear tests were carried out using pins of identical diameter of
4 mm at a sliding speed of 1.2 m/s and under identical experimen-
tal conditions of temperature, humidity and disc characteristics
as described in Section 2.4. For determining the transition load

for the selected material–disc system, wear tests were carried out
on unstrained specimens using normal loads of 4.9, 9.8, 19.6,
29.4, 39.2, 49, 58.8 and 68.7 N. The wear rate (W) and the ‘spe-
cific wear rate (Ws)’ for each specimen were estimated from the
last 75% of the generated data of height loss versus sliding dis-
tance (SD). The specific wear rate is the ratio of ‘wear volume’
to the product of ‘frictional force’ and ‘sliding distance’.

The variations of W and Ws versus normal load for the
unstrained specimens are shown in Figs. 7 and 8 on a log–log
scale. An examination of the variation of W with normal load
(Fig. 7) reveals the severe wear regime of the steel. The transition
loads between mild to severe wear and vice versa for the material
are illustrated in Fig. 9, following the early work of Welsh [21].
Comparing the results in Fig. 7 with typical variation of wear rate
with normal load in Fig. 9, it is noted that the transition between
mild to severe wear for the selected steel starts at normal loads
≤4.9 N and severe wear regime exists above a load of 9.8 N, and
the regime extends up to a load of 58.8 N. The variation of spe-
cific wear rate with normal load also indicates that the transition
load is ≤4.9 N, the severe wear regime exists between normal
loads of 9.8 and 29.4 N. On the basis of results in Figs. 7 and 8,
and their comparative assessment with results shown in Fig. 9,
it is concluded that severe wear regime for the selected steel is
unambiguously beyond 9.8 N, and one is expected to encounter
predominant severe wear around 29.4 N. On the basis of these
results, a comparison of the wear behaviour of the pre-strained
specimens was carried out at normal load of 29.4 N. It is con-
cluded here that a variation of specific wear rate with normal
load can be used to obtain the transition loads between severe to
mild wear and vice versa.

A few reports [17,21,22] are available related to an estimation
of transition loads in different steels. In 1960s Welsh [21] carried
out a series of experiments on plain carbon steels having varying
carbon contents so as to determine the T1 transition loads. Later,
Wang et al. [22] and Goto and Amamoto [17] reported the T1
transition loads for a few more steels other than the ones reported

Table 4
Some reported transition loads between mild to severe wear in a few steels

Steels Sliding speed (cm/s) T1 transition load (N) Parameters to determine T1 Testing system Ref.

0.12%C 20 6.1 W = Wv/SD Pin-on-ring [22]
0.34%C 1.73 27
0.52%C 1.73 17.2 The pin and ring were of same material
0.63%C 6.7 34.3
0.78%C 20 115.3
0.98%C 33 220.7

52100 grade Ws = Wv/NLSD Pin-on-ring [23]
1. Spherodized 200 20–50
2. Pearlitic 200 20–50 Ring: WC–8% Co, Rc = 75.5

3. Bainitic 200 50–80
240 20–50

1018 grade
1. Pearlite 200 20–50

0.33%C 15 6.9–10.3 W = WV/SD Pin-on-disk, disk: 0.35%C steel, Hv = 223 [17]
0.15%C 120 ≤4.9 W = Wv/SD Pin-on-disk, disk: En-31 steel, Rc = 62 Present

W, wear rate; Ws, specific wear rate; Wv, wear volume; WV, total wear volume (pin + disk); NL, normal load; SD, sliding distance; Rc, Rockwell hardness in C scale;
Hv, Vickers hardness.
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by Welsh. The reported transition loads are compiled in Table 4.
An examination of the results in Table 4 indicates that estimation
of the transition loads has been carried out using “pin-on-ring”
or using “pin-on-disk” testing systems, and the nature of the pin
or the disk is different in the different reports. It is natural that
the estimated transition load is a function of the testing system,
sliding speed and the type of material used for fabricating the
disks or the rings. Hence, it is difficult to compare the estimated
magnitude of the T1 transition load for 0.15%C steel with the
reported values. However, the order of the estimated transition
load is considered to be comparable to the lower bound T1 value
reported by Goto and Amamoto [17] for the 0.33%C steel.

3.4. Influence of pre-strain on wear behaviour

Prominent severe wear was found to occur around a normal
load of 29.4 N in the unstrained steel specimens. This load was
considered for all wear tests of the pre-strained specimens to
achieve severe wear. The variation of wear and specific wear
rate with pre-strain, for all of the tested specimens, is depicted in
Figs. 10 and 11. The results in Figs. 10 and 11 indicate that both
wear rate and specific wear rate increase linearly with increasing
pre-strain up to 15% followed by a drop. Increased initial pre-
strain implies a higher dislocation density, which in turn, with
the associated substructure, facilitates the nucleation of voids
and microcracks that occurs under the influence of load during
wear testing. Rapid formation of voids/microcracks followed
by their subsequent swift growth in the pre-strained specimens
is the major reason for the enhancement of the wear rate with
increased pre-strain up to 15%.

Fig. 10. Influence of pre-strain on the wear rate of the investigated 0.15%C steel.

Fig. 11. Influence of pre-strain on the specific wear rate of the investigated
0.15%C steel.

Fig. 12. SEM photographs showing worn surface of 0.15%C steel specimens at pre-strain levels (a) 5%, (b) 10%, (c) 15% and (d) 20%. Amount of grey/bright
patches, indicating oxidation, increases from (a) to (c) with minor drop in (d). Accelerated subsurface cracking of the oxide layers enhances wear rate in the severe
wear regime unlike that for the mild wear regime.

                               6 / 9

http://paperhub.ir
http://www.tarjomano.com/


K.K. Ray et al. / Materials Science and Engineering A 420 (2006) 333–341 339

Fig. 13. SEM view of the transverse plane to the worn surfaces exhibiting: (a)
elongated voids with large aspect ratio in a 10% pre-strained specimen, (b)
long slender subsurface cracks in a 15% pre-strained specimen and (c) interface
cracks between oxide layer and the metal in a 20% pre-strained specimen. Black
arrows indicate direction of normal load whereas white arrows indicate voids or
cracks.

The lower wear rate for specimens having 20% pre-strain
compared to wear rates for specimens having 15% pre-strain can
be attributed to two possibilities. First, the mechanism of wear in
the investigated steel is due to adhesion, delamination and oxida-
tion. These phenomena on the worn-out surfaces and subsurfaces
of the pre-strained specimens are illustrated in Figs. 12 and 13. In
the regime of severe wear, accelerated nucleation of voids and
microcracks aggravates the process of wear by delamination.
On the other hand, the wear surfaces of pre-strained specimens
possessing high internal energy would be susceptible to faster
oxidation. This is evident from Fig. 12. The worn-out surfaces of
5 and 10% pre-strained specimens exhibit relatively less amount
of oxidation, as shown in Fig. 12(a and b), compared to those

for 15 and 20% pre-strained specimens, as shown in Figs. 12(c
and d). Interestingly, once oxidation takes place, the growth
of the nucleated cracks is retarded. A comparative assessment
of the different parts of Fig. 13 illustrates this phenomenon.
Once the oxide layer is formed crack nucleation occurs at the
metal–oxide interfaces as shown in Fig. 13(c). A discontinu-
ous but an adherent oxide layer reduces the overall wear rate.
However, cracking and subsequent spalling of the oxide layers
cause the wear process to continue. The process of wear in the
specimens having higher pre-strain is expected to be dictated by
(a) the rate of nucleation of the voids/microcracks and (b) the
rate of oxidation followed by its detachment or spalling from
the specimen-surface. Thus, the drop in wear rate at higher pre-
strain (Fig. 10) is attributed to the possible pre-dominance of the
latter factor. Examination of the features on the worn surfaces
did not provide any strong quantitative support to this qualitative
explanation.

Second, an alternative possibility which can lead to lower
wear rate in the higher pre-strained (20%) specimens is the ini-
tial nature of dislocation substructure and their interaction with
the forces active during the process of wear. With increasing
pre-strain, the random array of dislocations would tend to form
stable dislocation cells [18]. These would not tend to impede
the nucleation of microvoids and microcracks during wear but
would provide a higher resistance for their growth. In addition,
formation of an oxide layer would reduce the transfer of active
forces to the metal substrate and aid in retarding crack growth.

Fig. 14. Microhardness of the specimen surfaces (a) before and after the wear
test and (b) percentage increase in microhardness due to wear for different pre-
strained specimens.
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A consequence of the above phenomena is a drop in wear rate
for specimens pre-strained beyond a critical amount.

3.5. Wear vis-a-vis other mechanical properties of the
pre-strained specimens

Any metallic surface subjected to wear gets work hardened.
One can assess the degree of work hardening of a specimen sur-
face by comparing its hardness estimated before and after a wear
test. The degree of work hardening of the wear-tested specimens
has been evaluated by this approach using microhardness tests at
200 gmf load. The obtained results are shown in Fig. 14. The ini-
tial hardness values of the pre-strained specimens (termed here
as static hardness) increase with increasing pre-strain in a linear
manner, as shown in Fig. 14(a). The observed increase in hard-
ness with increased pre-strain for the specimens prior to wear
test, is known to be due to strain hardening. The hardness values
of the worn-out surfaces (termed as pseudo-dynamic hardness)
was found to increase only up to 15% pre-strain, followed by a
drop for the specimen possessing a pre-strain of 20%. The drop
in pseudo-dynamic hardness for 20% pre-strained specimens is
explained by the simultaneously operative wear mechanisms of
delamination and ‘oxidative wear’. The nature of variation of
hardness of the worn-out surfaces is markedly different than
that for the static hardness with pre-strain.

The degree of work hardening for a specimen due to wear can
be indexed by the difference between the pseudo-dynamic and
the static hardness values. This parameter has been estimated for
all the specimens and its variation with specimen pre-strain is
shown in Fig. 14(b). The results in Fig. 14(b) indicate that degree
of work hardening during wear test of the 0.15% carbon steel

Fig. 15. Influence of initial hardness on the wear rate of the investigated pre-
strained steel.

decreases with increasing pre-strain up to 10%, remains almost
constant between pre-strain of 10 and 15% and decreases beyond
pre-strain of 15%.

The results in Figs. 14(a) and 10 indicate that both static hard-
ness and wear rate of the specimens investigated increase with
an increasing pre-strain. A cross-plot of wear rate versus hard-
ness, as shown Fig. 15, reveals that wear rate usually increases
with increasing static hardness for the pre-strained specimens
and appears to invalidate the generalized proposition rendered
by Archard [10] related to the dependence of wear resistance of
materials on the hardness values. Similar violation of the above-
said proposition was also reported by Wang et al. [11] for steels
exhibiting different microstructures and by Biswas and Kailas
[12] for copper and titanium having different strain rate response.
Taking into account the results of earlier reports and that of the

Fig. 16. Plots indicating variation of wear rate with (a) tensile strength, (b) uniform elongation, (c) strain hardening exponent and (d) tensile toughness of the
investigated steel.
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present investigation, it may be inferred that the microstructure
or substructure dominates the wear resistance of a material rather
than its hardness value.

After examining the correlation between wear rate and hard-
ness, it becomes a natural query to examine the relationship
between wear resistance and tensile properties of the pre-
strained samples. The influence of pre-strain on tensile prop-
erties is discussed in Section 3.2, whereas the variation of wear
rate with different tensile properties is shown in Fig. 16(a–d).
Fig. 16(a) indicates that wear rate increases with increasing ten-
sile strength in a manner similar to the variation of wear rate with
hardness (Fig. 15). The nature of variation of wear rate with ten-
sile strength of the investigated samples can be elucidated in an
identical manner in explaining the variation of W with hardness
using dislocation characteristics of the pre-strained steel.

The results in Fig. 16(b–d) indicate that %uniform elonga-
tion, strain hardening exponent and tensile toughness lead to an
improvement in wear resistance. The parameters in the abscissa
of Fig. 16(b–d) represent the tensile toughness characteristics of
a material. An improvement in toughness of a material would
impede the nucleation and growth of voids or microcracks result-
ing in the observed trend of variation of wear rate as shown in
Fig. 16(b–d). In general, it is inferred that wear resistance of
the investigated pre-strained steel is also governed by its tough-
ness characteristics apart from its hardness and strength. The
interrelation between wear resistance, hardness and toughness
in ceramic materials has been the subject of an earlier investiga-
tion [23] by one of the authors, and this aspect will be examined
in future studies to understand wear resistance of pre-strained
metallic materials.

4. Conclusions

The major conclusions derived from the results of this inves-
tigation are:

1. The wear rates of the 0.15%C steel increase with increased
initial pre-strain up to 15%.

2. Hardness and tensile strength of the steel increase mono-
tonically with increasing pre-strain as per expectation. An

improvement in these properties generally leads to achieving
improved wear resistance of the pre-strained specimens. The
results obtained are contrary to this expectation.

3. The phenomena of the ease of nucleation of voids and micro-
cracks, and their subsequent rapid propagation are attributed
to be the dominant governing factors for the deterioration of
wear resistance of pre-strained (for pre-strain ≤ 15%) mate-
rials.

4. The overall process of wear in pre-strained specimens is gov-
erned by: (i) the ease of nucleation of voids or microcracks,
which causes delamination, and (ii) oxidative wear. The drop
in wear rate for specimens possessing higher pre-strain of
20% is attributed to the competitive pre-dominance of these
wear processes.
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