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The Bauschinger effect in dispersion-strengthened materials is investigated with the help of
a 3D dislocation dynamics simulation. Among the different elementary features controlling
strengthening, Orowan loops around impenetrable particles appears to be a key parameter
of non relaxed microstructures, as they effectively mask a fraction of precipitates during
dislocation backward glide. A new model based on the short-range interactions observed
during the simulations is proposed and is compared with the classical model of Brown and
Stobbs.
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1. Introduction

The Bauschinger Effect (BE), defined as the decrease of the reverse flow stress (the
Bauschinger stress) after a forward deformation, is an important feature of mate-
rials plasticity. As this phenomenon transcends materials (single and polycrystals)
and metallurgical problems (pure and alloyed materials) [1, 2], several physical
mechanisms are probably the different causes of the same consequence [2]. The
BE is larger in polycristals [1, 3] and in some precipitation-strengthened materials
[5–7]. In the latter case, the BE has been widely investigated [4–9] and important
results can be summarized as follows. Firstly, in the case of shearable particles, the
BE is controlled by forest interactions as in a pure materials [5, 6]. This contrasts
with the case of impenetrable precipitates which are associated to a very large BE
[5–7]. The fact that the BE is larger when particles are impenetrable suggests that
the Orowan loops left around inclusions by the mobile dislocations play a particular
role. This idea was first developed in the “continuum model” proposed by Brown
and Stobbs [4, 10, 11]. According to this model, the BE is related to two mecha-
nisms that impede dislocations glide in traction and promote it when the loading is
reversed. The first mechanism is dedicated to the transitory BE observed at smaller
strain, when the second mechanism is concerned by permanent softening observed
at larger strain. At low plastic strain, where no plastic relaxation takes place, the
accumulation of Orowan loops in forward deformation reduces the effective spacing
between particles and restricts dislocations motion as an effect of elastic repulsion.
Inversely, when the applied stress is reversed, elastic interaction between Orowan
loops and the mobile dislocations gliding backward is attractive and the plastic
flow is facilitated. Quantitative evaluation of this first mechanism has always been
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described as a difficult problem controlled by the long-range nature of dislocations
stress field. At larger strain, plastic relaxation mechanisms like cross-slip and climb,
allow for the delocalization of Orowan loops from their initial glide plane. Then,
the dislocations distribution around non-shearable particles is more homogeneous
and, in agreement with the elastic inclusion theory of Eshelby, this distribution is
at the origin of an internal mean stress. Besides, many stress measurements made
by X-ray diffraction have pointed out the link existing between the BE and the
internal stress [7, 8, 12].

The purpose of the present paper is to enhance the understanding of the
Bauschinger effect in precipitation-strengthened materials with the help of DD
simulations, which account for the discrete nature of plasticity. In order to remain
as general as possible, we investigate a model material which is isotrope elastically
and contains, semi-coherent or incoherent particles. In the frame of the present
work, small plastic deformations are considered, and thus mechanisms of plastic
relaxations are not taken into account and no interaction is considered between
dislocations and precipitates outside the precipitates. Shin et al. [14] have recently
shown that long-range elastic interaction affects only weakly the Orowan mecha-
nism at small deformation (see also [13]). Also, the simulation dislocations density
is small to avoid forest interaction, as we want to focus only on the BE associated
to precipitation hardening.

From experiments we know that the key parameters of the BE are the plastic
strain reached during the forward deformation [4, 6, 7], the volumic fraction of
particles [4], the particles shape [7], the polycrystal grains size [1] and the temper-
ature [5]. Here, attention is paid with the simulation to the two first parameters,
i.e. the forward deformation amplitude and the volumic fraction of particles. In
the next two sections, the simulations configurations and results are presented. An
original model for the BE is then proposed in the last section and compared with
the classical model developed by Brown and Stobbs.

2. Simulations

Model simulations are proposed to identify the key evolving parameters in the BE.
We consider one infinite dislocation in a large simulated 3D volume with periodic
boundary conditions (PBC). One may note that such configuration is very similar
to the 2D configurations used by Mohles to investigate precipitates strengthening
[15, 16]. This mobile dislocation is chosen to be of 60◦ mixed character and belongs
to the slip system 1

2

[
101

]
(111). Dimensions of the simulated volume are scaled

to the characteristic length for the precipitation-strengthening problem, which is
the mean distance between precipitates. Therefore, the length of dislocations in
the reference volume is at least ten times larger than the mean precipitates spac-
ing (whatever the simulated precipitates density). In all the simulations, a very
small constant strain rate is imposed in order to force the mobile dislocation to
glide through the 3D random distribution of precipitates in quasi-static conditions.
Because of PBC and the orthorhombic shape of the simulated volume, the mobile
dislocation explores different planes in the simulated volumes and this allows to
simulate important plastic deformation in relatively small reference volume.

Simulations are performed with the Dislocation Dynamics simulation code mi-
croMegas (mM), which will not be presented here (see for instance [17] for some
details on microMegas specificities). The simulated material parameters are those
of aluminium. The shear modulus is taken as 18 GPa, and the Burgers vector mag-
nitude is 0.286 nm. As this study focus on the athermal regime, the mobility law,
linking the dislocation velocity to the effective stess, is linear and simply contents
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Figure 1. Snapshot of the simulated volume with PBC. For the sake of clarity, only the precipitates and
the section of the dislocation within a thinfoil region of 1.5 µm are plotted. The observation direction is

[321]. All precipitates are impenetrable in this example.

a viscous coefficient term used to damp dislocation glide (B= 5.5 10−5 Pa s).
The dislocation interactions with the precipitates are controlled with a unique

variable, a precipitates shearing stress τs whose definition and physical meaning
has already been discussed in the context of the mM simulations [18]. τs is defined
as the shear resistance (SR) always opposed to dislocation glide. It is related to
the mechanical work that must be provided by a dislocation to shear a particle
given its cutting planes dimension. In this framework, the simple case of incoherent
precipitates is then reproduced when τs = ∞. The case of coherent precipitates is
accounted for with finite values of τs. Hence, depending on the amplitude of τs, a
dislocation have the capacity to shear a spherical precipitate if the cutting plane is
smaller than a critical diameter who is independent of the precipitate size. Above
such critical diameter, the precipitate can only be by-passed with the so-called
Orowan mechanism, i.e. with the formation of an Orowan dislocation loop around
the precipitate. In addition, it must be noted that the total simulated plastic strain
remains small enough to neglect variations of τs associated to precipitates multi-
shearing.

As an illustration, a snapshot of a simulated volume is given in Fig. 1. This
picture is taken just before a loading reversal and shows a reference volume of
linear dimension approximately equal to 6 µm. In this case, the simulated particles
have a diameter of 0.1 µm, their volumic density is of 3 1019 m−3 and all the
precipitates are impenetrable (i.e. τs = ∞). From a statistical point of view, one
may notice the large number of Orowan loops (about a thousand in the total 3D
volume) left around the particles and some clusters of particles at the reversal
strain.

3. Results

In a first set of simulations, the influence of the particles shear resistance on
Bauschinger stress is tested. The considered values of τs are essentially of inter-
mediate types, that is to say, sufficiently large to observe in one simulation both
shearing and by-passing mechanisms. Hence, in a population of random precipi-
tates with the same size, the precipitates intersected with a dislocations slip planes
close to their central hemisphere are not sheared as the work to be supplied is to
large, whereas shearing is possible when the cutting plane is far enough from the
particles centre. Hence, the ratio between the number of particles sheared and the
one by-passed depends on τs. Following the growing order, we tested τs = 120, 130,
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140 and 160 MPa, which correspond to the case with almost only shearing to the
case where only by-passing mechanism is observed. In addition, the case τs = ∞
is tested in order to investigate the “perfect Orowan microstructure”; i.e. when all
the precipitates are impenetrable. The simulated volumic density of particles is 3
1019 m−3 and the precipitates have a diameter of 0.1µm. For comparison to exper-
iments, such values are equivalent to an homogeneous surface density of particles
P ≈ 3 1012 m−2. Finally, tensile loading is reversed when the mobile dislocation
have made a plastic strain εrev = 0.01% inside the simulated reference volume. This
value may seem to be small, but it must be related to the low dislocation density
we consider in the simulation. In fact, the dislocation total flight we simulate is
equivalent to a plastic strain about 0.2% with a dislocation density of 1012 m−2.

Figure 2. Shear stress as a function of the cumulative shear strain given for different shear resistances τs.

Fig. 2 illustrates the direct influence of the precipitates shear resistance on the
Bauschinger stress. In this figure, a “reverse curve” that shows the positive flow
stress as a function of the cumulative plastic strain is preferred. This is to high-
light the difference between tensile and compression loading. Considering first the
tensile part, all the curves, at different values of τs, exhibit similar behaviour as
the obstacle density remains constant. Some fluctuations about 2.5 MPa ampli-
tude on the tensile stress plateau are observed. They result from heterogeneities
in the precipitates microstructure randomly defined. A hierarchy in the precipi-
tates shear resistance is well recovered in Fig. 2 as the flow stress at plateau is
smoothly decreasing when τs is decreased. Considering now the compression part
of the reverse curves, we see that the influence of the precipitates shear resistance
is much more marked. Surprisingly, the curves do not exhibit hardening and the
hierarchy of the compressive flow stresses is reversed. That is to say, the larger is
the shear resistance of precipitates, the larger is the resulting BE and the smaller
is the Bauschinger stress. In the “perfect Orowan microstructure”, the reverse flow
stress is even approximately zero, as suggested by Brown [11]. In addition, It must
be noted that when the compressive strain exceeds the reversed strain εrev, the
flow stress suddenly increases and rapidly becomes equal to the tensile flow stress
amplitude calculated during the forward deformation. From the simulation movies,
it is shown that this event appears precisely at the reverse strain where the mo-
bile dislocation start to explore the precipitates microstructure outside of the area
sheared during the first loading.

One example of simulated microstructure with τs = 120 MPa is shown in Fig. 3.
In this figure, the same region of the microstructure is plotted, just before (Fig.
3a) and after (Fig. 3b) the loading reversal (εrev=0.01 %). In tension (Fig. 3a), the
dislocation is pinned by numerous precipitates and is strongly bow out between
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Figure 3. (a) Last dislocation configuration obtained in tension at τs = 120 MPa. Arrows aim at Orowan
loops and islands left during the tensile deformation. (b) Snapshot sequence of the dislocation backward
movement at the loading reversal (from the right to the left). One must notice that the dislocation line
swept back without pinning curvatures in the areas where Orowan loops have been formed in tension.

The thinfoils have a thickness of 0.15 µm and the observation plane coincides with the primary slip plane.

such precipitates. In some places (pointed with arrows) Orowan loops left by the
mobile dislocation are observed. As discussed previously, Orowan loops are formed
around the precipitates cut near their hemisphere and around clusters of close
precipitates.

Figure 4. Sketch of the interaction between a particle circumvented with an Orowan loop and the
dislocation during its backward movement. The mobile dislocation is first elastically attracted by the

Orowan loop. Then, the contact reaction between the lines of opposite Burgers vector leads to the Orowan
loop annihilation. Finally, the precipitate is by-passed by the mobile dislocation without any contact.

In order to explain the features we locally observed at the locations pointed
out with arrows in Fig. 3, a sketch of the reaction taking place there is made in
Fig. 4. During the reverse loading, as Orowan loops with a line direction opposite
to the mobile dislocation one exist in the microstructure, the dislocation gliding
backward is elastically attracted and a reverse source shortening effect is observed.
But surprisingly, this long-range effect is found incidental when compared with two
other features observed locally at the arrows region.

As illustrated in Fig. 4, the stronger obstacles are the one circumvented with an
Orowan loop. In the absence of relaxation mechanism, this loop is necessarily in the
same glide plane as its parent dislocation and therefore is annihilated at contact
with the mobile dislocation if the latter is moving backward. This local reaction,
like the elastic reverse source shortening effect, participates to a decrease of the
elastic energy and introduce in the dislocation dynamics line tension contributions
accelerating the dislocation displacement. Nonetheless, this additional short dis-
tance contribution to the dislocation mobility is still less important than an other
fundamental feature. The Orowan loop annihilation is found to geometrically mask
the existence of the stronger precipitates in the microstructure. Indeed, a mobile
dislocation gliding backward never enters the areas surrounded by Orowan loops.
This phenomenon is illustrated in Fig. 3-b where none of the precipitates inside
impenetrable areas pin the dislocation backward motion.

A trivial result is therefore observed in the simulations with τs = ∞. In this
case, all the particles cutting the dislocation glide plane must be by-passed with
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the Orowan mechanism and are circumvented with a loop during the first loading.
In the backward deformation, the area previously swept by the mobile dislocation
is then swept back without any contact with a precipitate as a result of the loops
annihilation. Precipitates strengthening is then recovered only at the reverse strain
of ε = εrev. This simply explains why the reverse flow stress is almost null in the
“perfect Orowan microstructure” (see Fig. 2).

It is worth adding that the dislocations dynamics observed is the same for all
the simulations and the Bauschinger stress measured is simply controlled by one
parameters: the fraction of obstacles which have been by-passed with the formation
of Orowan loops in the dislocation glide plane.

Figure 5. Variation of the dislocation density during the plastic deformation in tension (from εp = 0 to
0.01 %) and in compression (from εp = 0.01 to 0 %).

Evolution of the dislocation density during a cycle of tension-compression is
shown in Fig. 5 for different cases of shear resistance. Neglecting the fluctuations,
the dislocation density is approximately a linear function of the plastic strain.
The density fluctuations are related to the changes in the dislocation morphology,
its shape varying from a blocked configuration in front of strong precipitates, to
another one. Besides, the linear slope is almost the same for tension and compres-
sion. This points out that the annihilation rate of Orowan loops in compression
is the same as the storage rate in tension. Fig. 5 shows also that dislocation stor-
age increases when the precipitates shear resistance is increased, the upper limit
remaining the “perfect Orowan microstructure” where the fraction of precipitates
circumvented with Orowan loop is close to one1.

In the second set of simulations we made, the density of precipitates is varied
whereas τs remains constant. The range of densities explored covers two orders
of magnitude, from 3 1018 up to 3 1020 m−2. The shear resistance is fixed to
an intermediate value of 140 MPa. The reverse curves obtained have the same
shape as the one reproduced in Fig. 2. They exhibit two plateaus clearly identified.
The corresponding flow stresses in tension and in compression are reproduced in
Table 1. The stress amplitudes comparison shows that the BE increases when
the precipitates density is increased. This tendency can be explained as a trivial
extension of the feature observed during the first set of simulations. In reverse
loading, the Bauschinger stress is larger when the fraction of obstacles masked
with an Orowan loop is increased. Hence, at constant value of τs, the Bauschinger

1Not exactly one, since Orowan loop are formed around few clusters of precipitates at the larger local
density of precipitates.



March 10, 2009 18:22 Philosophical Magazine Letters paper˙bausch˙pml

7

stress must also increases with the total density of precipitates since the area
circumvented by Orowan loops increases.

Table 1. Important parameters and results for seven different simulations (one per line) are listed for comparison.

Variables in columns order are respectively: the shear resistance τs, the particles density P , their volumic fraction,

the interaction coefficient β, the dislocation stored density ρs at εrev , the density of circumvented particles Pcirc,

the simulated Bauschinger stress ∆τB , compared with our models prediction and the prediction of Brown and

Stobbs’ model.
τs P f βF ρs Pcirc ∆τB ∆τB model ∆τB [Brown]

(MPa) (m−2) (%) (m−2) (m−2) (MPa) (MPa) (MPa)
120 3 1012 1.5 0.88 2 1011 9.1 1011 1.9 1.7 0.2
130 3 1012 1.5 0.91 3.9 1011 1.8 1012 4.7 4.1 0.4
160 3 1012 1.5 0.94 6.2 1011 2.8 1012 7.6 7.8 0.65
∞ 3 1012 1.5 1.2 6.8 1011 3 1012 12.6 13.1 0.7
140 3 1011 0.15 1.68 5.65 1010 2.6 1011 1.3 3.2 0.1
140 3 1012 1.5 0.93 5.3 1011 5.3 1011 6.2 6 0.56
140 3 1013 4 0.76 1.45 1012 1.3 1013 8.8 9.4 0.8

All the observations made with the simulation point out that the key feature
which controls the BE is the existence of Orowan loops around obstacles. An ob-
stacle circumvented by a loop is almost invisible to the mobile dislocations in
backward movement. This is equivalent to consider that the precipitates density is
effectively reduced during reverse loading. This proposition is the starting point of
the model developed in what follows.

For the sake of clarity, parameters referring to the tensile ’forward’ loading will
be subscripted by an F and those referring to the compressive ’backward’ loading
by a B. Following the classical result of Orowan, the flow stress associated to a
random distribution of pinning obstacles has the general form:

τ = β
µb

L
(1)

Where µ is the shear modulus, b the magnitude of the Burgers vector and L the
mean spacing between precipitates. The latter quantity equals 1/(

√
P )−D, where

P is the surface density of precipitates and D the precipitates diameter. At con-
stant precipitate diameter, P is equal to the precipitates volumic density times the
precipitates diameter. Considering the general aspect of the upper formulae, the
interaction coefficient βF depends on different parameters such as the dislocation
character [19], the shear resistance of the obstacles [20], some distribution effects
that increases the mean distance between particles compared to the square array
hypothesis [20], and the logarithmical term appearing in dislocations line energy
[19]. The values of βF with different particles distributions is calculated from Eq. 1
and measures of τF monitored in the simulations (Fig. 2). These calculations are
summarized in Tab. 1 and show that βF increases with τs, as expected. All the
values remain however close to unity.

In a second step, we assume that βB = βF = β. That is, the interaction coef-
ficient is constant during the simulation of a Bauschinger test (i.e. it is mainly a
function of the shear resistance of the obstacles). Then, the flow stress in back-
ward loading τB can be calculated from the mean spacing between obstacles, LB.
Again DD simulations can provide quantitative information to this purpose. More
precisely, LB is calculated from the figure 5 where the dislocation density is plot-
ted against plastic strain. In the simple configuration simulated (i.e. one infinite
dislocation gliding in a reference periodic volume), the total dislocations density
must be decomposed into two terms. The first one stems from the length of dis-
location gliding through the 3D precipitates microstructure. For convenience, we
assume that this contribution is in average constant in the simulations after a small
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amount of plastic strain. This proposition is equivalent to say that the infinite dis-
location by-passes the precipitate microstructure in the simulated volume with a
constant roughness. The second contribution ρs is the density of Orowan loops
accumulated in the microstructure during plastic strain. Except for the “perfect
Orowan microstructure”, spherical precipitates are easily sheared in the poles re-
gions since the corresponding cutting planes are small. This is why, most Orowan
loops observed in the simulated microstructure has a diameter about πD and the
“stored” density ρs = nloopπD

V . Here, V is the simulation reference volume and nloop

the number of Orowan loops in the simulated volume. To calculate the surface
density of circunvented precipitates in the precipitates microstructure one must
simply divide nloop by the area swept by the mobile dislocation : ∆A = ∆γV/b.
Then, the surface density of circumvented precipitates Pcirc equals:

Pcirc =
ρsb

πD∆γ
(2)

Finally, Pcirc must be substracted to the total density of precipitates P , to deter-
mine the effective density of obstacle to the backward dislocation movement and
the corresponding effective mean distance between pinning precipitates is:

LB =
1√

P − Pcirc
−D (3)

Lastly, the combination of Eq. (1) and (3) gives a prediction of the flow stress
in backward loading, τB. In Table 1, results for different simulation conditions are
listed and compared with such prediction when considering ρs at the reversal plastic
strain εrev. As expected, we see that the density of circumvented precipitates with
a loop increases when the shear resistance is increased and a very good agreement
is found when comparing the model prediction with the simulation results.

4. Discussion

As illustrated in Fig. 5, our simulations show that the dislocation storage rate in
the shape of Orowan loops is constant during plastic deformation. Hence, as a result
of Eq. 2, the overall planar density of looped precipitates in the simulated volume
is plastic strain independent. This is why, the Bauschinger effect in precipitation-
strengthened materials (in the absence of plastic relaxation mechanisms) depends
on the obstacles density and the precipitates shear resistance, but not that much
on strain. Moreover, our simulations clearly show that the mechanism controlling
the Bauschinger stress is at small strain a short-range (contact) reaction. This
proposition strongly contrast with existing models which are considering only the
influence of long-range interactions.

Two points in the Bauschinger stress evaluation proposed in §3 must be consid-
ered for discussion. For simulations where the effective precipitates density calcu-
lated in backward loading is much smaller than the true precipitates density (i.e.
at high shear resistance), the coefficient β in Eq. 1 may be decreased. Nevertheless,
such correction could not change significantly the Bauschinger stress prediction
which is mainly controlled with L, the effective precipitates mean spacing.

Secondly, the simple boundary conditions used in the present simulations force a
quasi perfect reversibility of the dislocation displacement, as the mobile dislocation
is infinite and therefore cannot change its mean character. For this reason, we
checked that more realistic simulations including several interacting dislocation
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with random character gives a shorter domain of ideal reversible plastic deformation
in the backward loading. As a result of collective properties and relaxation process,
the density of mobile dislocations entering regions unsheared during the forward
loading is then increasing with the backward deformation amplitude. In agreement
with experiment, we observed in this simulation that the Orowan stress is not any
more a constant quantity up to εrev, but it rather smoothly decreases during the
backward strain from an initial value τB well predicted with Eq. 3 down to zero.

We now compare the simple model suggested by our simulations with the classical
model of Brown and Stobbs [4, 10]. In the latter continuum model, the Bauschinger
stress ∆τ , which corresponds to the difference between the flow stress in tension
and in compression, is twice the average stress < τ >M induced in the matrix by
the presence of particles. The latter stress is derived from the Eschelby’s elastic
inclusion problem [10] and is written as follows with spherical precipitates:

< τ >M= 2µfγε∗p
µ∗

µ∗ − γ(µ∗ − µ)
(4)

In this equation, µ is the shear modulus of the matrix and µ∗ is the shear modulus
of the inclusion; f is the particles volumic fraction ; γ is an accommodation factor
which equals 1

2 when the Poisson’s factor ν is 1
3 . The strain ε∗p is a measure of the

incompatibility between the matrix and the inclusion. This quantity is evaluated
in the model with the number n of Orowan loops left around the particles with
ε∗p = nb/4r, where r is the mean radius of the precipitates.

The model proposed by Brown and Stobbs can easily be applied to the config-
urations we simulate in this paper. As no coherency stress is considered for the
precipitates, the shear moduli of the matrix and the one of the inclusion are equal
and therefore the ratio appearing in the expression of < τ >M vanishes. Also, the
average number of Orowan loops around particles can be directly calculated from
the evolution of the stored dislocation density (as it was demonstrated in §3). For
instance, n is very close to 1 in the simulated “perfect Orowan microstructure”.
Numerical applications for different simulated specimens are given in Tab. 1. What-
ever the case, poor agreement is found between Eq. 4 and the simulations results
as the Bauschinger stress predicted is always lower than 1 MPa. This result is
consistent with a comment made in the above section. The long-range interactions
which are accounted for in the Brown and Stobbs model are very weaks in the
simulations.

Figure 6. Comparison of the Bauschinger stresses calculated from Brown and Stobbs’s model and the
relation proposed in this work as a function of the tensile shear strain.

Finally, a strong difference between the simulated short range and long range ef-
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fects with respect to the Bauschinger stress is that the former property is constant
at a given precipitates microstructure, whereas long-range interactions increases
with the forward plastic strain amplitude and the loop accumulation. Hence, the
influence of long-range interactions is expected to becomes important at large plas-
tic strain. To evaluate the relative contribution of short-range v.s. long-range inter-
actions, we evaluate the plastic strain amplitude where the model deduced from the
simulations and the Brown and Stobbs model are giving an identical Bauschinger
stress. Again, this calculation can be made with trivial mathematics starting from
the density rate of Orowan loops as a function of plastic strain we measure in the
simulations. Fig. 6 shows the comparison of the two models prediction and with two
different precipitates configurations. From this representation it is clear that short-
range and long-range contributions equals only at relativelly large deformation,
between 3.5 to 15% depending on the precipitates microstructure. Equivalently,
it is found in the “perfect Orowan case” that equality between the two types of
effects is reached only when 20 Orowan loops are approximatively made around
each precipitates.

In summary, the simple 3D-DD simulations reported in this paper point out that
the Bauschinger effect in precipitation strengthened material is controlled with two
different contributions:

(i) A short-range contribution, introduced for the first time here, is related to
the existence of Orowan loops that locally mask a fraction of the precipitates
density during the backward deformation. This contribution is proposed as an
alternative explanation for the BE at small plastic deformation. The influence
of the Orowan loop annihilation process is found to be dominant until few
percents of deformation as long as there is no intense plastic relaxation.

(ii) When plastic relaxations massively occur, the contribution of long-range in-
teractions becomes important and dominates the BE. The latter contribution is
related to the internal stresses arising from the presence of elastic inclusions in
the matrix. Work is in progress to verify if this internal stress is well calculated
with the Brown and Stobbs model.

The relative importance of the two types of contribution is function of the volume
fraction, density, size and shear resistance of the precipitates. The short-range con-
tribution is constant for a given particles microstructure, whereas the long range
part increases as the tensile shear stress is increased. It is clear from this inves-
tigation that the discrete nature of plasticity cannot be neglected in this kind of
problem.
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