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Abstract

The room temperature macroscopic and microscopic plastic behavior of four face-centered cubic metals (Al, Au, Cu and Ni) is inves-
tigated experimentally over a wide strain range, and theoretical modeling is used to simulate the established major micromechanisms
describing the evolution of mobile and forest dislocations during plastic flow. It is shown that forest dislocations develop primarily
due to interaction between mobile dislocations, while the contribution from forest–mobile interactions is only minor. The trapping of
mobile dislocations and the annihilation of forest dislocations are both controlled by the same thermally activated dislocation motion.
These observations permit a simplification of the theoretical model that leads to an analytical relationship for the evolution of the total
dislocation density as a function of strain. From this analysis, correlations are drawn between the macroscopic parameters describing the
stress–strain relationship and the fundamental characteristics of the microscopic processes.
� 2010 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The plastic deformation of face-centered cubic (fcc) met-
als has been extensively investigated for many years.
Detailed descriptions have been developed to explain the
basic deformation processes operating in the early stages,
designated as I, II and III in single crystals [1–4]. Two addi-
tional stages, denoted as IV and V, become evident at large
strains for polycrystalline metallic materials [5,6]. The
description of the macroscopic stress–strain behavior and
a deep understanding of the role of the underlying micro-
scopic mechanisms are important from the viewpoint of
both materials science and engineering applications.
Although the basic microscopic processes of plastic defor-
mation are well known in metallic materials, the correlation
between the characteristics of these processes and the
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parameters describing the macroscopic mechanical behav-
ior is not fully understood. An identification of the main
deformation mechanisms determining the mechanical prop-
erties at high strains is also of great importance since severe
plastic deformation (SPD) procedures are the favored
methods for producing bulk ultrafine-grained (UFG)
metals [7–9]. One of the most useful SPD procedures is
equal-channel angular pressing (ECAP) [10,11] which can
produce relatively homogeneous UFG microstructures in
bulk samples. Therefore, processing by ECAP may be used
to prepare specimens for an investigation of plasticity to
very high strains.

Although there are numerous models for both the phe-
nomenological and the microscopic descriptions of plastic
deformation, a uniform description is not yet available.
The various descriptions of the microscopic processes differ
primarily in terms of their treatment of the dislocations.
There are models considering the effect of the total disloca-
tion densities [12–15] and other models dealing with mobile
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and forest dislocations [16]. There are also descriptions
where the dislocations are separated according to their
appearance in the cell interiors or cell walls formed in the
deformed microstructures [17,18]. All of these macroscopic
and microscopic models are generally in good agreement
with the experimental results despite their different
approaches. However, it is reasonable to assume that these
models are based on the same underlying physical princi-
ples, and therefore should be interconnected.

The background of the present analytical treatment is to
examine the relationship between a recent macroscopic
description [19,20] and the microscopic processes adopted
in the classic Kubin–Estrin (KE) model [16]. Thus, this
work can be regarded as a continuation of the most recent
report [20] where the room temperature plastic behavior of
pure Al, Ni, Cu and Au was studied over a wide range of
strain and then related to the melting points of the different
metals. The earlier results revealed that the saturation flow
stress and the maximum dislocation density may be scaled
with the absolute melting point of the material. In the pres-
ent analysis it is shown that the microscopic KE model,
which describes separately the evolution of mobile and for-
est dislocations, can be simplified to give a closed-form solu-
tion for the total dislocation density as a function of strain.
Furthermore, the relationships between the parameters
characterizing the microscopic processes and the quantities
of the phenomenological description are deduced and
examined.

2. Background to the analysis

2.1. Macroscopic description: true stress–true strain

relationships

Analyzing the homogenous plastic deformation of sev-
eral fcc metals deformed at room temperature (RT), it
was shown earlier that the macroscopic stress–strain
(r � e) relationship may be fitted by a constitutive relation-
ship of the form [19,20]:

r ¼ ro þ r1 1� exp � e
ec

� �n� �� �
; ð1Þ

where ro, r1, ec and the exponent n are fitting parameters
and the strain e is taken as the absolute amount of strain
relative to the initial state. Physically, the first constant,
ro, is the friction stress related to the onset of plastic defor-
mation which is then described by the three fitting param-
eters, r1, ec and n. The relevant values of these parameters
Table 1
The parameters of the constitutive Eq. (1) obtained by fitting the stress–
strain data for different fcc metals.

Metal r0 (MPa) r1 (MPa) ec n

Al 21 101 0.79 0.69
Au 24 219 0.27 0.72
Cu 49 322 0.17 0.86
Ni 86 1013 0.39 0.76
for some fcc metals are given in Table 1. It is important to
emphasize, as noted earlier [19,20], that Eq. (1) incorpo-
rates the well-known Hollomon [21] and Voce-type [22]
equations. Taking n = 1, Eq. (1) leads to the Voce-type
exponential equation:

r ¼ ro þ r1 1� exp � e
ec

� �� �
; ð2Þ

or the original Voce equation:

rsat � r
rsat � ro

¼ exp � e
ec

� �
; ð3Þ

where the saturation stress is given as:

rsat ¼ r0 þ r1: ð4Þ
Furthermore, expressing Eq. (1) as a Taylor expansion

at small strains leads to:

r ¼ ro þ K � en; ð5Þ
which is the conventional power-law Hollomon relation-
ship where K is a constant.

Recently it was shown that the saturation stress, rsat,
obtained at RT for different fcc metals can be scaled by
the absolute melting point, Tm [20], thereby suggesting that
microstructural saturation is determined by thermally acti-
vated deformation mechanisms. Furthermore, the defor-
mation process in the saturation state may be regarded as
a steady-state flow, leading to a uniform description of
the plastic behavior of the highly deformed bulk fcc metals.
Considering the effect of microscopic mechanisms, it was
shown also that dislocation-based processes determine the
saturation strength. The following section summarizes the
effects of these basic processes on the plastic behavior of
fcc metals.

2.2. Microscopic description: the effect of dislocation-based

mechanisms

The evolution of the dislocation density during plastic
deformation is affected by the formation and annihilation
processes as well as by the interaction between dislocations.
The dislocation reactions may result in their trapping and
therefore two types of dislocation densities may be identi-
fied: qm for mobile dislocations and qf for forest disloca-
tions. The average total dislocation density, q, is then the
sum of these two component parts so that q = qm + qf.
Earlier studies [19,20] showed that the KE model [16] can
be effectively used to describe the development of these dis-
location densities. In this model, the approach requires a
numerical solution of the following equations for pure
metals:

dqm

de
¼ C1 � C2 � qm � C3 � q1=2

f ; ð6aÞ

and

dqf

de
¼ C2 � qm þ C3 � q1=2

f � C4 � qf ; ð6bÞ
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where the terms containing the parameters Ci are related to
the primary competing microscopic processes occurring
during plastic deformation such as the multiplication of
mobile dislocations (C1), their mutual trapping (C2), their
immobilization through interactions with forest disloca-
tions (C3) and the advent of dynamic recovery (C4).

The values of the parameters Ci for different pure fcc
materials were determined by applying Eqs. (6a) and (6b)
so that their numerical solution describes best the experi-
mental dislocation density as a function of strain deduced
from tensile stress–strain data obtained on annealed sam-
ples [19,20]. The relevant values of the parameters Ci for
Al, Ni, Cu and Au are listed in Table 2. The use of these
values then permits a direct comparison between the roles
of individual micromechanisms operating during plastic
deformation of different fcc metals. It is important to
emphasize that for all fcc metals investigated here, the
value of C3q

1=2
f is at least one order of magnitude smaller

than any of the other terms in Eqs. (6a) or (6b) over the
entire strain regime, where this is demonstrated directly
in Fig. 1 for Al. This means that during the plastic defor-
mation of fcc metals at room temperature the reduction
in the mobile dislocation density can be essentially attrib-
uted to the trapping mechanism related to the interaction
between mobile dislocations (characterized by the term
C2qm), rather than to the effect of forest dislocations. The
results of the numerical calculations based on Eqs. (6a)
and (6b) also show that the values of C2 and C4 are prac-
tically the same for all metals.

It should be noted that during the fitting procedure the
best values of the parameters Ci were chosen so that the
usual mathematical variance characterizing the usability
of the fitting procedure is minimal. Results of the sensitiv-
ity analysis show that when the value of the minimal vari-
ance is changing within 1%, the values of C2 and C4 remain
almost the same. A relative difference higher than 20%
between these two parameters will lead to a drastic increase
in the variance, confirming that the coincidence of the coef-
ficients C2 and C4 is genuine.

Neglecting the term containing parameter C3 and noting
the equality of C2 and C4, it is possible to draw important
conclusions concerning the plastic behavior of fcc metals
that significantly extend the implications of the earlier
report [20]. Thus, this paper presents these additional mac-
roscopic and microscopic features of plasticity and dis-
cusses their relationships for fcc metals.
Table 2
The values of Ci parameters in Eqs. (6a) and (6b) determined by
simulations of the experimental stress–strain curves for the four fcc metals.
(These parameters were reported in Ref. [20], where the real value of C2

and C4 was—unfortunately by mistake—multiplied by a factor of 1.87)

Metal C1 (1/m2) C2 C3 (1/m) C4

Al 1.87 � 1014 1.0 9 � 105 1.2
Au 3.91 � 1015 3.1 2 � 106 3.6
Cu 7.23 � 1015 5.6 3 � 106 5.9
Ni 8.32 � 1015 2.5 4 � 106 2.6
3. Additional macroscopic and microscopic behaviors of

plastic deformation in fcc metals

3.1. Ratio of the mobile and forest dislocation densities in the

saturation state

As already noted, the results of the evaluation of the
experimental data using Eqs. (6a) and (6b) show that the
term C3q

1=2
f may be neglected over the total deformation

region for all fcc metals studied here. Therefore, Eqs. (6a)
and (6b) are simplified as:

dqm

de
¼ C1 � C2qm; ð7aÞ

and

dqf

de
¼ C2qm � C4qf ; ð7bÞ

respectively. In the saturation state, the latter equation
leads to the relationship:

C2qm;sat � C4qf ;sat ¼ 0; ð8Þ

so that:

qm;sat

qf ;sat
¼ C4

C2

; ð9Þ

where qm,sat and qf,sat are the saturation mobile and forest
dislocation densities, respectively. The similarities in values
of C2 and C4 (Table 2) results in similar saturation densities
for the forest and mobile dislocations. These similar values
of C2 and C4 also suggest that both the formation and
annihilation of forest dislocations are based on the same
mechanism and this may be explained by the following sim-
ple model of dislocation interaction.

When a mobile dislocation is intersected by another dis-
location gliding on a non-coplanar plane, a jog and/or a
kink is formed. A kink lies in the slip plane and does not
impede the motion of the dislocation but a jog lies out of
the original slip plane and may hinder further dislocation
glide. Fig. 2 shows schematically a jog on a dislocation
Fig. 1. The quantities of C2qm, C4qf and C3q
1=2
f numerically calculated for

Al as a function of strain, demonstrating their contributions in Eqs. (6a)
and (6b).
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denoted by A having an original glide plane S1; a segment
of this dislocation has moved to plane S2 due to the inter-
section with the other dislocation. The direction and the
length of the jog correspond to the Burgers vector (b2) of
the other dislocation. A similar jog or a kink may be
formed on the other dislocation but its direction and length
correspond to the Burgers vector (b1) of dislocation A. If
more than one dislocation intersects dislocation A at the
same location, the length of the jog is increased.

The two segments of dislocation A in planes S1 and S2

are gliding due to the resolved shear stress in the directions
indicated by the arrows in Fig. 2. Usually the slip plane of
the jog does not lie in the moving direction of the gliding
segments in planes S1 and S2 and therefore the jog can fol-
low these segments only by a non-conservative motion.
Due to the difficulty of this motion at RT, the jog is rather
immobile or falls behind the gliding segments, and as a
result, the two gliding segments bow out in planes S1 and
S2. The successive stages of dislocation motion are marked
by superscript roman numbers in Fig. 2. During this
motion, the sections close to the jog become more parallel
to each other: these segments are denoted by thick solid
and dashed lines in Fig. 2 and they have opposite signs
so that there is an attractive interaction between them. If
the original dislocation is edge or screw type, these seg-
ments have screw or edge character and therefore they
can move towards each other by cross-slip or climb, respec-
tively. The faster the cross-slip or climb of these segments,
the higher the probability of the formation of an immobile
dipole in trapping. These dipoles constitute the forest dislo-
cations, and both their formation and annihilation are con-
trolled by the same thermally activated processes (cross-slip
or climb) which explains the close values of C2 and C4 for
each fcc metal. The parameter C2 characterizing the prob-
ability of forest formation is larger if the rate of dislocation
multiplication is higher (C1) because the chance of forming
new jogs then increases; cross-slip and climb are also easier.
For example, for a higher homologous temperature where
RT corresponds to a homologous temperature of 293/Tm,
the ratios C2=C1 and C4=C1 increase with decreasing melt-
ing point as was shown previously (Fig. 5 in Ref. [20]).
Fig. 2. A schematic figure illustrating the motion of a mobile dislocation
at a jog formed due to the intersection of another mobile dislocation. See
text for details.
It is noted that cross-slip occurs more easily than climb
at RT due to the smaller activation energy of the former
process; the trapping and annihilation of screw dipoles is
therefore much faster than for edge dipoles. Moreover,
when the plane containing the b1 and b2 vectors is an easy
glide plane, the jog formed on an edge dislocation can fol-
low the gliding segments in planes S1 and S2, and in this
case screw dipoles are not formed at the jog. As a result,
the character of the dislocation structure is usually shifted
to an edge type with increasing strain as was shown in pre-
vious reports [23,24]. The trapping and annihilation of edge
dipoles by climb is controlled by vacancy diffusion and this
process is not very fast in coarse-grained metals at RT. At
the same time, the segments in the dipoles are very close to
each other, with a spacing of about several Burgers vectors,
and therefore the attractive forces between them are very
large and this effectively assists the climb process. Further-
more, it was also shown [25] that with increasing strain the
vacancy diffusion becomes much faster due to the very high
concentration of deformation-induced excess vacancies [26]
and their easier migration along dislocations and grain
boundaries. As a result, the trapping and annihilation of
edge forest dipoles during deformation may be significant
even at RT.

This simple model also explains the lack of significance
of any interaction between the mobile and forest disloca-
tions in the decrease of mobile and the increase of forest
dislocation densities. If a mobile dislocation intersects a
forest dipole, two parallel jogs develop on the mobile dislo-
cation as shown in Fig. 3. The direction and the length of
the jogs correspond to the Burgers vector (b1) of the dislo-
cations in the forest dipole. The distance between the jogs,
d, is basically determined by the spacing between the dislo-
cations in the dipole. The segments outside the jog-pair can
slip further on plane S3. The glide plane of the segment
between the two jogs is plane S4 and the length of this seg-
ment, d, is small since the distance between the dislocations
in a forest dipole is very small. As a consequence, the glide
of the segment in plane S4 needs a much higher stress
than for the dislocation segments in plane S3 and therefore
in practice the former dislocation remains immobile.
Fig. 3. A schematic figure illustrating the motion of a mobile dislocation
at a jog-pair formed after the intersection of a forest dipole. See text for
details.



Table 3
The values of parameters C1 and C4 determined by
Eq. (13) of the simplified KE model.

Metal C1 (1/m2) C4

Al 1.87 � 1014 1.09
Au 3.89 � 1015 3.28
Cu 7.21 � 1015 5.98
Ni 8.27 � 1015 2.52

T. Csanádi et al. / Acta Materialia 59 (2011) 2385–2391 2389
The successive stages of dislocation motion are marked by
superscript roman numbers in Fig. 3. The two dislocation
segments in plane S3 bow out due to the resolved stresses,
leading to two segments close to the jogs and having oppo-
site sign. Later, they are annihilated and a mobile disloca-
tion glides further while a loop is left behind. As b1 and d
are small, this loop can annihilate easily by cross-slip or
climb. Consequently, when a mobile dislocation intersects
a forest dipole, the mobile and forest densities change only
slightly, which explains the much smaller value of C3q

1=2
f

compared to the other terms in Eqs. (6a) or (6b).

3.2. Description of dislocation density evolution by using the

simplified KE model

Considering Eqs. (7a) and (7b) of the simplified KE
model and using the total dislocation density q = qm + qf,
leads to:

dq
de
¼ C1 � C4qf : ð10Þ

Differentiating this equation with respect to e leads to:

d2q
de2
¼ �C4

dqf

de
¼ �C4ðC2qm � C4qf Þ: ð11Þ

Substituting qm = q � qf and C4qf ¼ C1 � dq
de into Eq. (11)

and rearranging gives the second-order differential equa-
tion for the total dislocation density, q:

d2q
de2
þ ðC2 þ C4Þ

dq
de
þ C2C4q� C1ðC2 þ C4Þ ¼ 0: ð12Þ

It is apparent that the role of parameters C2 and C4 is
symmetrical in Eq. (12). According to the results of numer-
ical simulation, it is reasonable to take the parameters C2

and C4 as equal. For this condition, Eq. (12) can be
expressed in the form:

d2q
de2
þ 2C4

dq
de
þ C2

4q� 2C1C4 ¼ 0; ð13Þ

which has a closed-form analytical solution given by:

qðeÞ ¼ 2C1

C4

� 2C1

C4

� q0

� �
1þ C4e

2

� �
expð�C4eÞ; ð14Þ

where q0 is the initial dislocation density at e = 0
(q(0) = q0). This is taken as 6 � 1011, 1 � 1013, 3 � 1013

and 3� 1013 m�2 for Al, Au, Cu and Ni, respectively, for
the best solutions in the present analysis. In the solution
of Eq. (13) the initial value of the first derivative of q is gi-
ven by Eq. (10) as q0(0) = C1 � C4qf(0) and as a first
approximation, it is reasonable to take qmð0Þ ¼ qf ð0Þ ¼
qð0Þ

2
¼ q0

2
in every calculation. Using Eqs. (7a) and (7b) of

the simplified KE model and taking C4 = C2, the values
of the parameters C1 and C4 are determined from the
experimental stress–strain data in the same way as de-
scribed in Section 2.2. The values of parameters C1 and
C4 determined by the simplified KE model are listed in
Table 3. It can be seen that they are only slightly different
from the values obtained using the original KE model as
given in Table 2. Fig. 4a plots, for example, the best solu-
tions of Eqs. (6a), (6b), and (13) for Al and the correspond-
ing numerically calculated stress–strain curves are shown in
Fig. 4b together with the experimental data obtained at
room temperature. It can be seen that both numerical solu-
tions agree well with the experimental data over a wide
range of strain. Similar excellent correlations were also ob-
tained for the other four fcc metals, thereby providing sup-
port and confirmation for the validity of the modified Eq.
(13) of the KE model.

Considering Eq. (13) for the total dislocation density
and its analytical solution given in Eq. (14), it is anticipated
that the KE model can be compared with others describing
the development of the total dislocation density, and the
effect of different micromechanisms may be related to the
characteristics of the macroscopic descriptions. In the fol-
lowing section, some applications of Eqs. (13) and (14)
are outlined and discussed.

3.3. Relationships between the characteristics of the

macroscopic and microscopic descriptions

The plastic deformation described by Eq. (13) is basi-
cally controlled by two dislocation mechanisms: the multi-
plication and annihilation of dislocations characterized by
the two parameters C1 and C4, respectively. The flow stress
increment produced by the plastic strain (rp,cal) can be cal-
culated using the well-known Taylor equation as:

rp;cal ¼ a � l � b � ð ffiffiffiqp � ffiffiffiffiffi
q0

p Þ; ð15Þ

where a is a geometrical constant including the Taylor fac-
tor (a = 0.7 was selected for all fcc metals in these calcula-
tions), l is the shear modulus and b is the magnitude of the
Burgers vector. Substituting the relationship for the dislo-
cation density given in Eq. (14) into Eq. (15) gives:

rp;cal ¼ a �l � b

�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2C1

C4

� 2C1

C4

�q0

� �
1þC4e

2

� �
expð�C4eÞ

s
� ffiffiffiffiffi

q0

p
( )

:

ð16Þ
In addition to a, l, b and q0, rp,cal depends also on the
parameters C1 and C4 characterizing the microscopic pro-
cesses of plastic deformation. Physically, the plasticity-in-
duced flow stress increment in Eq. (16) can be correlated
to the corresponding second term in the phenomenological
Eq. (1):



Fig. 4. The solution of Eqs. (6) and (13) for Al, showing (a) the evolution of the dislocation densities with strain and (b) the corresponding numerically
calculated stress–strain curve together with the experimental data over a wide range of strain.
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rp;phen ¼ r1 1� exp � e
ec

� �n� �� �
; ð17Þ

which is determined by the macroscopic parameters r1, ec

and n.
In order to study the possible correlations between the

parameters of the microscopic and macroscopic descrip-
tions of plastic behavior, it is necessary to examine the
interdependence of Eqs. (16) and (17) in some special cases.
First, making Eqs. (16) and (17) equal at high strains leads
to:

r1 ¼ a � l � b �

ffiffiffiffiffiffiffiffi
2C1

C4

s
� ffiffiffiffiffi

q0

p
 !

: ð18Þ

Furthermore, investigating the equality of Eqs. (16) and
(17) at e = ec, and neglecting q0 beside 2C1

C4
(as the value of

q0 is 2–3 orders of magnitude lower than 2C1

C4
), a value of

the quantity C4ec was obtained between 0.93 and 1.02 for
these different fcc metals. It is reasonable to anticipate that
C4ec = 1, so that:
Fig. 5. The relationship between the characteristics of macroscopic and microsc
metals.
ec �
1

C4

: ð19Þ

Fig. 5 shows the relationship between the quantities r1

a�l�b

and
ffiffiffiffiffiffi
2C1

C4

q
� ffiffiffiffiffi

q0

p
(Fig. 5a) as well as between the quantities

ec and 1
C4

(Fig. 5b) for different fcc metals, for which the

value of r1 and ec, and that of C1 and C4 are listed in Tables
1 and 3, respectively. The datum points in both figures are
fitted well by straight lines which go through the origin.
The slopes of �1 in Figs. 5a and 5b unambiguously con-
firm the validity of Eqs. (18) and (19) which describe the
relationships between the characteristics (r1; ec) of the
macroscopic description and (C1, C4) of the microscopic
mechanisms. Eqs. (18) and (19) also mean that the values
of C1 and C4 can be estimated from r1 and ec.

In addition, making the derivativesofEqs. (16) and (17) equal
at e = ec and using also the relationship C4ec = 1 leads to:

n ¼ 0:75

ffiffiffiffiffiffi
2C1

C4

q
ffiffiffiffiffiffi
2C1

C4

q
� ffiffiffiffiffi

q0

p ¼ 0:78–0:85: ð20Þ
opic descriptions: r1

a�l�b vs. ð
ffiffiffiffiffiffi
2C1

C4

q
� ffiffiffiffiffi

q0

p Þ (a), and ec vs. 1
C4

(b) for different fcc
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Eq. (20) suggests that the macroscopic parameter n de-
pends only slightly on C1 and C4 which indicates that, in
practical terms, its value is not affected by any material-
dependent feature of the multiplication and annihilation
of dislocations. This calculated value of n is in good agree-
ment with the values obtained from the fitting of the exper-
imental data (see Table 1).

The results of the present analysis reveal that, while the
saturation stress, rsat, is affected in a complex way by the
microscopic processes of both dislocation formation and
annihilation, the value of the macroscopic parameter, ec,
depends only on the thermally activated dislocation trap-
ping and annihilation mechanisms. The dependence of
the saturation stress on the microscopic processes was dis-
cussed earlier [20]. Considering the significance of Eq. (19)
in describing the relationship between the macroscopic
parameter ec and the microscopic characteristic C4, it can
be seen that a higher value of C4 (and also C2) is associated
with a smaller value of ec. On the other hand, and accord-
ing to Eq. (17), at e = ec the flow stress due to plastic defor-
mation is rp = r1 � [1 � exp(�1)] � 0.63r1. Thus, the value
of ec gives the strain where the plasticity-induced rise of the
flow stress reaches �63% of the maximum increment char-
acteristic for the saturation state. The larger values of the
microscopic parameters, C4 and C2, represent faster ther-
mally activated trapping and annihilation of dislocations
and thus lead to an earlier achievement of 63% of the max-
imum flow stress increment so that the macroscopic param-
eter, ec, is reduced.

4. Summary and conclusions

(1) Macroscopic and microscopic descriptions of the
room temperature plastic behaviors of four represen-
tative fcc metals were investigated by analyzing the
experimental stress–strain relationships and by simu-
lations using theoretical modeling which incorporates
the major micromechanisms of plastic deformation.

(2) It is shown that over a wide range of strain the inter-
action between forest and mobile dislocations only
marginally increases the forest density compared to
the effect of the interaction between mobile
dislocations.

(3) The results of the simulations suggest that for the
four fcc metals investigated (Al, Au, Cu, Ni), both
the trapping of mobile dislocations and the annihila-
tion of forest dislocations are controlled by the ther-
mally activated non-conservative motion of
dislocations. A simple model is suggested to interpret
the similarity between these two dislocation-based
micromechanisms.

(4) Considering the same mechanism controls the trap-
ping of mobile dislocations and the annihilation of for-
est dislocations, the applied theoretical model is
simplified to give an analytical relationship for the evo-
lution of the dislocation density as a function of strain.
(5) Quantitative correlations are presented to demon-
strate the primary features of the microscopic pro-
cesses determining the parameters describing the
macroscopic evolution of the stress–strain relation-
ships during plastic deformation, thereby confirming
the physical meaning of the macroscopic characteris-
tics that are often used as fitting parameters.
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