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We investigate the plastic shear response during static friction of an asperity
protruding from a large FCC single crystal. The asperity is in perfectly adhesive
contact with a rigid platen and is sheared by tangentially moving the platen.
Using discrete dislocation plasticity simulations, we elucidate the plastic shear
behaviour of single asperities of various size and shape, in search for the length
scale that controls the plastic behaviour. Since plasticity can occur also in the
crystal, identification of the length scale that controls a possible size-dependent
plastic behaviour is far from being trivial. It is found that scaling down the
dimensions of an asperity results in a higher contact shear strength. The contact
area is dominant in controlling the plastic shear response, because it determines
the size of the zone, in and below the asperity, where dislocation nucleation can
occur. For a specific contact area, there is still a dependence on asperity volume
and shape, but this is weaker than the dependence on contact area alone.

Keywords: contact; friction; single asperity; discrete dislocation plasticity

1. Introduction

As the miniaturization of mechanical devices continues, the need for a fundamental under-
standing of friction and plasticity increases [1] since the statistical averages that describe
these phenomena at the macroscopic scale are no longer valid [2]. Over the years, different
friction laws have been defined based on parameters such as normal load, real contact
area and contact shear strength [3–5]. Nevertheless, there still is a debate about whether
describing friction in a rigorous manner is possible, since the aforementioned laws do not
hold at small size scales for various reasons [6]. For instance, in the case of metal surfaces
with contacts at the (sub-)micron scale, classical local continuum plasticity theories cannot
be applied, since they lack a length scale that is necessary to capture size effects [7]. A
plasticity size effect in metals occurs when the loaded specimen, or the region subjected
to a strain gradient, is comparable in size to a characteristic length associated to the
discrete nature of the carriers of plasticity, the dislocations. Various non-local plasticity
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models [8–11] have been developed in recent years to incorporate the effect of dislocations
in a continuum setting. While mean fields can describe dislocation flow, they cannot
capture effects caused by discreteness, e.g. source limitation effects or the highly localized
contact pressure profiles characteristic of discrete dislocation plasticity [15,16]. At present,
statistical contact theories describing the pressure distribution of contacting surfaces with
arbitrary roughness [12,13] provide the most accurate description of contact, since they
account for a statistical asperity distribution and the elastic interactions of the asperities.
However, these statistical contact theories predict relatively high pressures suggesting that
yield takes place locally. Because plasticity is size dependent at small scales, it is difficult
to predict at which contact pressure plastic deformation sets in.

Friction of real rough surfaces is the outcome of multiple asperities being flattened and
sheared. Numerical analyses of multi-asperity contacts were performed, which show that
interactions between neighbouring asperity contacts play a critical role in determining the
true area of contact between the surfaces [14–16]. The present work extends those contact
studies by looking at friction. However, we will here neglect asperity interaction and focus
on a unit event: the frictional behaviour of a single asperity. The problem is analysed using
discrete dislocation plasticity simulations. The choice for this method is related to the scale
of the single asperity under consideration which is in the micron regime. This length scale
addresses an intermediate regime where molecular dynamics [17,18] is too computationally
expensive but local continuum theories are not suitable [19–21]. Dislocation dynamics fills
the gap since it averages over the atoms, but accounts for the nucleation and glide of
individual dislocations.

The assumption is made that an asperity protruding from a metal single crystal is in
static frictional contact with a rigid platen. As the rigid platen is displaced tangentially, the
asperity is sheared. The displacement imposed at the top of the asperity induces a load on the
underlying crystal that leads to strain gradients as well as to a geometry-dependent plastic
zone. Therefore, identification of the length scale that controls a possible size dependent
plastic behaviour of the asperity is not trivial. Only in the absence of strain gradients, the
characteristic length scale is dislocation spacing. For problems that involve strain gradients,
like bending, shearing and indentation, the controlling length scale is much more difficult
to identify.

In this paper we will elucidate the plastic shear behaviour of single asperities of various
sizes and shapes, and search for the length scale that controls the plastic behaviour. Also the
occurrence of plasticity inside and underneath the asperity is analysed. For certain asperity
sizes and shapes, plastic deformation of the asperity itself can be ignored. However, if the
plastic zone underneath the asperity is large, it can be of significance for real multi-asperity
surfaces.

A discrete dislocation analysis of static friction between a flat single crystal and a rigid
single asperity performed by Deshpande et al. [22] showed a clear dependence on contact
size of the contact shear stress. Building on these findings, the shearing of a metallic single
asperity by a rigid platen in this study introduces a higher level of complexity since the
geometry of the asperity comes into play. Here, single asperities of rectangular and truncated
sinusoidal shapes are investigated. For the rectangular asperity, the width is also the contact
area, but for a sinusoidal asperity the initial contact area is an extra geometrical parameter
which increases the level of complexity, but is more likely to occur in reality.
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(a) (b)

Figure 1. Schematic representation of the shearing problem with (a) a rectangular-shaped single
asperity and (b) a truncated sinusoidal-shaped single asperity.

2. Methodology

2.1. Problem formulation

Figure 1 shows the two-dimensional model of a single FCC metal crystal with an isolated
asperity protruding from the flat surface. Two asperity shapes are analysed: (1) a rectangular
shape with height hasp and width w and (2) a truncated sinusoidal shape with amplitude
A, wavelength w and contact area C . For the rectangular asperity, C = w. In case of a
sinusoidal asperity, a flat contact area is artificially created by truncating its apex before
loading. The height, h = 50 µm, and width, λ = 1000 µm, of the crystal are significantly
larger than the dimensions of the asperity, so as not to affect the results.

The mean tangential contact shear stress is given by

τ = 1

C

∫
x1∈C

σ12dx1 (1)

with the coordinates (x1, x2) being parallel and normal to the crystal, respectively. The
asperity is sheared by means of a rigid platen that is displaced in the x1-direction by applying
the following boundary conditions at the contact area:

uc
1 =

∫
u̇dt, uc

2 = 0 x1 ∈ C. (2)

The surface not in contact is traction free, i.e. T1|x1 /∈C = 0 and T2|x1 /∈C = 0. The lateral
sides of the crystal are traction free and the bottom of the crystal is fixed u1|x2=0 = 0 and
u2|x2=0 = 0.

2.2. Discrete dislocation plasticity

The FCC crystal is represented in the two-dimensional model by three slip systems [23].
The three sets of parallel slip planes are inclined by φ = 60◦ with respect to each other. One
set of slip planes forms an angle θ = 15◦ with the shearing direction as shown in Figure 1.
This choice ensures that there is no slip system with slip planes that are aligned with the
loading direction, since in reality it is not very likely to encounter this. Such a loading would
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also lead to exaggerated preference of that slip system due to the two-dimensional problem
at hand.

The mechanical response of the asperity is modelled using discrete dislocation plasticity
[24]. This is a numerical method that combines the solution of a boundary value problem
with the dynamics of discrete dislocations. At every time increment during the simulation,
the displacement, strain and stress fields in the crystal are obtained by superposition of the
fields that arise from individual dislocations (˜) and the fields that correct for the actual
boundary conditions of the problem (ˆ),

u = û + ũ, ε = ε̂ + ε̃, σ = σ̂ + σ̃ . (3)

The (ˆ) image fields are smooth allowing the finite element method to solve the boundary
value problem.

All dislocations are of edge character, consistent with the plane strain condition imposed
on the direction normal to the plane of analysis, see Figure 1. The dynamics of the disloca-
tions is treated in an incremental manner. At each time step, the Peach–Koehler force acting
on dislocation I is calculated as follows:

f I = nI ·
⎛
⎝σ̂ +

∑
J �=I

σ̃ J

⎞
⎠ · bI , (4)

where bI is the Burgers vector of dislocation I . With this as the driving force, the dislocation
structure is updated by accounting for nucleation, motion, annihilation and pinning of
dislocations at point obstacles.

The nucleation criterion is based on the strength of the Frank–Read sources that are
randomly distributed in the material, and on their nucleation time. When the stress on a
source exceeds the source strength τnuc during a time larger than the nucleation time tnuc
a dislocation dipole with Burgers vector ±b is nucleated. The dislocation dipole represents
a dislocation loop in two dimensions. The distance between the two constituents of the
dipole is therefore taken to be

Lnuc = µ

2π(1 − ν)

|b|
τnuc

, (5)

where µ is the shear modulus and ν is Poisson’s ratio of the elastically isotropic crystal.
Annihilation occurs when the dislocations of the dipole come very close to each other; if
their distance is smaller than 6|b| they are removed from the simulation.

The Peach–Koehler force f I causes dislocation I to move with velocity

v I = f I

B
. (6)

Here, B is the drag coefficient arising from the interaction of dislocations with electrons
and phonons. The motion of a dislocation is obstructed when it runs into an obstacle.
These obstacles represent precipitates or forest dislocations, and are randomly distributed
on potentially active slip planes. Obstacles have a shear strength τobs; when f I > bτobs
for pinned dislocation I , the dislocation is released. When the new dislocation structure
is established after each time increment, the new stress and strain state in the updated
dislocation structure is calculated.

We take the Burgers vector to have length 2.5 Å, typical for FCC metals. The dislocation
source density and the obstacle density are chosen to be 60 and 30 µm−2, respectively.
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The source strength τnuc of each source is randomly selected from a Gaussian distribution
with an average strength τs = 50 MPa and a standard deviation of 20%. The obstacle strength
is taken to be τobs = 150 MPa. A specific configuration of the system with random positions
of sources and obstacles is called a realization. Each case is repeated for six realizations in
order to average out statistical variations originating from the statistical nature of the source
and obstacle positions and from the source strength distribution [25,26].

As the platen that shears the crystal is assumed to be perfectly rigid, dislocations that
impinge on the contact are not allowed to penetrate the platen. To establish this condition,
impenetrable obstacles are placed at the end of slip planes ending in the contact just below
the contact region. This means that the assumption of a rigid platen in perfect sticking
contact with the crystal may lead to dislocation pile-ups below the contact.

3. Size effect for self-similar asperities

Rectangular asperities provide an ideal tool to investigate size and shape effects on the
shearing response, since the geometry is defined by only two parameters, i.e. the asperity
width and height. Therefore, before investigating truncated sinusoidal asperities, discrete
dislocation dynamics simulations are performed for rectangular asperities having a width
between w = 1 and w = 4 µm at constant aspect ratio w/hasp. The asperity is sheared at
a constant rate up to a lateral displacement uc

1 = 0.04 µm at the contact.
Plasticity size effects are most clearly shown when the elastic response is identical.

To this end, we introduce the asperity shear strain, defined for the two asperity shapes as
follows:

rectangular : γ = uc
1 − ub

1

hasp
, (7)

sinusoidal : γ = uc
1 − ub

1

A
. (8)

Here, ub
1 is the mean displacement along the asperity base, which is defined as the inter-

face between asperity and crystal bulk (see Figure 2). These definitions of asperity strain
guarantee identical elastic response for self-similar asperities, and also limit the difference
in elastic response between different asperity shapes used in this study. Figure 2(b) shows
that for a few asperity geometries, both rectangular and truncated sinusoidal, the elastic
response differs no more than 5%. This allows for fair comparison of the shear strength of
asperities with different geometries.

Figure 3(a) shows the mean contact shear stress τ as a function of asperity shear strain
for two groups of self-similar rectangular asperities with aspect ratio w/hasp = 10 and
w/hasp = 40 given by the solid and dashed lines, respectively. An evident size effect
is observed with small asperities giving a higher contact shear stress. Figure 3(b) shows
the shear stress profiles along the contact for a small and a large asperity. A stochastic
distribution of stress levels is observed, where the highest peaks in the contact shear stress
profile are caused by dislocations piling up against the contact. The stress peaks are high,
more than an order of magnitude larger than the nucleation strength of 50 MPa, which was
also found in [27] for flattening of multiple asperity systems.
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Figure 2. (colour online) (a) Schematic representation of the geometrical parameters used to calculate
asperity shear strain and (b) the elastic response for a few asperity geometries used in this study.
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Figure 3. (colour online) (a) Mean contact shear stress as a function of asperity shear strain for
rectangular-shaped asperities (the grey line indicates the 0.1% offset strain, while the coloured dots
indicate the data at 0.01 µm offset displacement as reported in Figure 10). (b) Comparison of the
normalized shear stress profile for a large asperity and a small asperity with the same aspect ratio at
shear strain γ = 0.015. The black curves indicate the corresponding elastic solution (dashed and
solid for w = 1 and 4 µm, respectively).

The lower mean contact shear stress in larger asperities observed in Figure 3(a) reflects
more plastic activity. This is exemplified by the dislocation structure and the shear stress
(σ12) distribution normalized by the average source strength (τs = 50 MPa) shown in
Figure 4 for two asperities at γ = 0.015. Figure 4(a) for w = 1 µm is scaled up to have the
same size as Figure 4(b) for w = 4 µm for better comparison. The larger asperity in
Figure 4(b) is characterized by a lower stress, on average, both inside and below the
asperity. Also, it contains a visibly larger number of dislocations than the small asperity in
Figure 4(a), consistent with the fact that there has been more plastic activity in the body
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(a) (b)

Figure 4. (colour online) Normalized shear stress distribution and dislocation structure at an asperity
shear strain of 0.015 in a rectangular asperity (a) of width w = 1 µm and height hasp = 0.1 µm and
(b) of width w = 4 µm and height hasp = 0.4 µm.

with the largest asperity. Since the contact is impenetrable, the number of dislocations that
can escape the asperity is small, because they can leave the body only through free surfaces.
Figure 4(a) and (b) also shows that dislocations are present outside the area of the asperity
itself, yet remain contained in a region that is small compared to the crystal. In the following,
we shall refer to the region underneath the asperity as the sub-asperity.

In conclusion of this section, it is found that the plastic shear response depends on the
asperity size. This is firstly because the size of the asperity poses a constraint on the plastic
activity in the asperity itself. Secondly, the size of the asperity also determines the size of
the sub-asperity region affected by a strain gradient, and where dislocations can nucleate,
provided that there are nucleation sources.

4. Dependence on aspect ratio for a rectangular asperity

In this section, the separate effects of asperity height and asperity width on the plastic
response of the system are investigated. Figure 5 shows the contact shear strength taken at
0.1% offset strain as a function of asperity height for various values of the width. It becomes
clear from these results that the size dependence observed in the previous section is mainly
caused by the asperity width (=contact area); the dependence on asperity height is weaker.
For large asperity width, the contact shear strength is about 45 MPa and insensitive to height.
When the asperity width is small, i.e. w = 0.5 µm, the mean contact shear stress is much
larger, ranging from 149 to 168 MPa, depending slightly on height. Only for intermediate
width, e.g. w = 1 µm, the effect of height is significant, with the most shallow asperity
(hasp = 0.025 µm) being more than a factor two stronger than the tallest (hasp = 0.4 µm).

The simulations performed so far used a dislocation source spacing corresponding to the
default source density of 60 µm−2. The average source spacing in these two-dimensional
simulations is assumed to be a constant length, which is characteristic of the material, the
processing conditions and the loading history that the material has undergone. The ratio
between source spacing and contact size determines how many sources are available to
nucleate dislocations. It is therefore to be expected that the source spacing will affect the
results. To investigate this, the mean contact shear stress is presented in Figure 6 for a
relatively large (w = 4 µm) and relatively small (w = 0.4 µm) asperity each having two
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Figure 5. (colour online) Effect of asperity height and width on the onset of plasticity.
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Figure 6. (colour online) Effect of source density for two different rectangular asperity geometries.

different source densities. For both asperities, a decrease of the source density by a factor
two leads to an increase in the contact shear strength as well as to an increase in hardening
slope. Reduction of the source density has a larger impact on the plastic behaviour of the
small asperity: the hardening slope increases by a factor of approximately 1.7, while it is
negligible for the large asperity. This indicates that the plastic response becomes source
limited for small asperities. For a small asperity, a low-source density cannot guarantee the
same amount of plastic deformation that is achieved with a higher source density.

To conclude this section, the asperity width, which coincides with the contact area, is the
dominant length in the plastic shearing of rectangular asperities: it controls the contact shear
stress and hardening. The height of the asperity, and therefore its volume, is relevant only
at intermediate values of the contact area, for the material parameters in this paper around
w = 1 µm. In a subsequent section, we will show that this is attributed to the relevance of
asperity plasticity relative to sub-asperity plasticity.
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Figure 7. (colour online) (a) Schematic representation of the geometry of a truncated sinusoidal
asperity and (b) size effect in the contact shear stress as a function of asperity strain for two different
scaled truncated sinusoidal asperity geometries.

5. Asperity geometry and contact area

To study the plastic shear response of a more realistic asperity geometry, we now consider a
truncated sinusoidal shape (see Figures 1(b) and 7(a)). The width of the asperities is varied
from w = 1 to w = 4 µm, the amplitude from A = 0.05 to A = 0.2 µm and the contact
area from C = 0.1 to C = 2 µm. The corresponding height of the asperity is given by

hasp = A + A cos

(
πC

w

)
. (9)

The ratios w/A and C/hasp have to be constant in order to preserve asperity shape.
Figure 7 shows the contact shear stress as a function of asperity shear strain for two-scaled
asperity geometries characterized by aspect ratios C/hasp = 1.025 and 10, plotted by the
solid and dashed lines, respectively. The curves with the same colour represent sinusoidal
asperities cut at different heights: the dashed curve is for a sinusoidal asperity with the same
base width (w = 4, 2 and 1 µm) as that represented by the solid curve, but with smaller
height and larger contact area. Similar to the response of rectangular-shaped asperities, a
size dependence is found in Figure 7(b) where smaller asperities show a harder response
than self-similar larger asperities. However, by comparing each dashed line with the solid
line with the same colour, we also see a distinctly different feature of sinusoidal asperities
in Figure 7(b). An increase in height, and thus in volume, leads to a larger shear stress, in
contrast to what was observed in Figures 3(a) and 5 for rectangular asperities. The reason
for this is that when a sinusoid is truncated at a smaller height, it has a larger contact area.

These observations hint that contact area plays a key role. This is investigated in
Figure 8 by plotting the shear strength of rectangular and truncated sinusoidal asperities
(from Figures 3(a) and 7(b)) vs. asperity width w and vs. contact area C . The error bars
show the statistical variation among realizations.Asignificant variation in the shear strength
is found in Figure 8(a) for each width, and there is no correlation between shear strength
and width. On the other hand, when the same data are presented as a function of contact
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(a) (b)

Figure 8. (colour online) (a) The shear strength as a function of width and (b) the shear strength as
a function of contact area for rectangular and truncated sinusoidal shape.

(a) (b)

Figure 9. (colour online) The shear stress (σ12) distribution and the dislocation structure at 0.1%
offset strain in (a) a rectangular asperity (w = 1 µm, hasp = 0.1 µm) and (b) a truncated sinusoidal
asperity (w = 4 µm, A = 0.2 µm, hasp = 0.34) having the same contact area C = 1 µm.

area C in Figure 8(b), a consistent trend for both types of asperities is observed, showing a
larger shear strength at smaller contact area. The reason is that the contact area determines
the size of the stressed region in which dislocation nucleation occurs. Whether or not this
region is confined to the asperity or resides mainly outside of the asperity is less relevant.
Figure 9(a) and (b) show the shear stress (σ12) distribution and the dislocation structure
for a rectangular and a truncated sinusoidal asperity, respectively, both with a contact area
C = 1 µm. The same contact area results in a shear stress distribution and a dislocation
structure (average dislocation density) that are quite similar, although the width and the
volume of the truncated sinusoidal asperity are, respectively, 4 and approximately 7.6 times
larger than that of the rectangular asperity.

To further explore the importance of contact area, we compare the present data for
rectangular and truncated sinusoidal asperities with results for a zero-height asperity with
contact area C , similar to Ref. [22], in Figure 10.
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Figure 10. (colour online) The contact shear stress at 0.01 µm offset displacement as a function of
contact area C for rectangular and truncated sinusoidal asperities compared with results for zero-height
asperities.

For a zero-height asperity, we cannot define asperity strain, and therefore, we here work
with the asperity strength defined at an offset displacement of 0.01 µm (these data points
are indicated with symbols in Figure 3(a). Error bars are included in Figure 10 to show the
variation among different realizations. As expected, both the geometry dependence and the
statistical variations become increasingly important as contact size decreases. The strength
of the zero-height asperities depends on C following a power law with an exponent of
roughly −0.7. The power law does not extend further to larger contact areas, since already
for C = 4 µm the continuum limit (≈40 MPa) is almost approached. The power fit of the
shear stress of zero-height asperities is in good agreement with the shear stress of rectangular
and truncated sinusoidal asperities for large and small values of C , i.e. approximately
C < 0.5 µm and C > 3 µm for the source density used in this study. This means that the
geometry of the asperity barely affects the results at large and small contact area. This is
because underneath large contacts the number of available sources is sufficient to ensure
that the shear strength is reached. Therefore, an increase in height, even if accompanied by
significant plasticity in the asperity, would not affect the shear strength. Underneath small
contacts, there are insufficient sources to sustain plastic deformation. Increasing the height
would also not lead to much more plasticity, since the narrow asperity is source limited.
The shape and size of the asperity are instead relevant for intermediate contact size, i.e.
0.5 µm < C < 3 µm. In this range, taller asperities show a softer response due to the
significant asperity plasticity relative to the sub-asperity plasticity, as will be shown in the
next section.

In conclusion, the problem of the shearing of a protruding asperity can be simplified to
the problem of a zero-height asperity if the contact area is either larger than about 3 µm or
smaller than 0.5 µm, for the specific source density used in these simulations.

6. Asperity vs. sub-asperity plasticity

We have already observed that plastic activity takes place not only inside, but also outside
the asperity, in the sub-asperity. In the previous section, we have postulated that plasticity
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inside the asperity can contribute significantly to the shearing response of asperities with
intermediate contact size. Here, we will provide evidence for this. Furthermore, sub-asperity
plasticity is not only important in determining the shearing behaviour of single asperities,
but is also likely to play an important role in surfaces with multiple asperities where the
sub-asperity region is shared by neighbouring asperities. Therefore, we here aim to give an
estimate of the relative contribution of asperity plasticity compared to sub-asperity plasticity.

Slip in the material is a result of gliding dislocations and is therefore a measure of plastic
activity. The slip is calculated by subtracting the elastic shear strain from the total shear
strain resolved on each slip system. The total slip 
tot is then computed by integrating the
sum of the magnitude of plastic slip on the three slip systems in the volume of the crystal as
well as inside the asperity. The slip in the asperity 
asp as a fraction of the total slip in the
crystal is given in Figure 11(a) as a function of asperity height for all rectangular asperities
presented in the paper. Results are presented for the default source density ρs = 60 µm−2

as well as for a lower source density, ρs = 30 µm−2, cf. Figure 6. The size of the error
bars indicates the variation in 
asp/
tot for different asperity width at the given height. For
both source densities, the relative slip in the asperity increases with an increase in height.
If the asperity is shallow, i.e. hasp < 0.125 µm, less than 25% of slip occurs in the asperity.
When the asperity is taller, slip in the asperity becomes dominant, especially if the width of
the asperity is also large. The lower source density results in a lower plastic activity in the
asperity at all heights and thus, as expected, the plastic behaviour of the asperity becomes
less important as source density decreases.

Figure 11(b) shows the relative slip in the asperity as a function of contact area C . When
the contact area is large, the slip in the asperity increases significantly with asperity height.
However, when the contact area is significantly smaller than 1 µm, an increase in height
gives rise to little additional slip in the asperity.
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Figure 11. (colour online) (a) Relative slip in rectangular asperities for two source densities 0.01 µm
offset displacement averaged over different width as a function of height. The dependence on asperity
width is contained in the ‘error bar’ for each hasp. (b) Relative slip as a function of contact area for a
source density of ρs = 60 µm−2.
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We know from the previous sections (see Figures 5, 8(b) and 10) that the contact shear
strength of a large contact is insensitive to height. Thus, for large contact areas, a larger
asperity height gives more plasticity inside the asperity, but has no effect on the shear
strength. On the contrary, for small contact areas, the shear strength is large, and neither the
height nor the volume contributes to a reduction of the shear strength since plastic activity
in thin and tall asperities is source limited. Only for intermediate contact areas, an increase
in asperity height leads to additional asperity plasticity and, as a consequence, to a softer
shearing response.

7. Conclusions

In this work, the plastic shear response of a single asperity protruding from a large metal
crystal is investigated by means of discrete dislocation plasticity simulations. Three asperity
shapes are considered: (1) rectangular shape, (2) truncated sinusoidal shape and (3) zero-
height. This study leads to the following conclusions:

• Self-similar asperities with reduced size have a higher contact shear strength than
large asperities, even though the elastic behaviour measured in terms of asperity
shear strain is identical.

• Contact area and spacing between dislocation sources are the length scales that control
the plastic behaviour of the asperities: the contact area determines the size of the
stressed region, inside and below the asperity, where dislocation nucleation can occur.
Source spacing controls how many sources can be activated in the stressed region
and thus gives rise to plastic deformation.

• For small and large contact area, the asperity can be idealized to have zero volume.
Only for intermediate contact area, i.e. 0.5 < C < 3 µm for the dislocation source
density used in this study, the shape and size of the asperity are relevant. The taller
the asperity, the more plasticity inside it, the softer its shearing response.
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