
HAL Id: jpa-00254205
https://hal.science/jpa-00254205

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A Classification of flow-Stress Anomalies, and the
Specific Role of Strain Rate Sensitivity

F. Louchet

To cite this version:
F. Louchet. A Classification of flow-Stress Anomalies, and the Specific Role of Strain Rate Sensitivity.
Journal de Physique IV Proceedings, 1996, 06 (C2), pp.C2-189-C2-198. �10.1051/jp4:1996227�. �jpa-
00254205�

https://hal.science/jpa-00254205
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE IV 
Colloque 2, supplkment au Journal de Physique 111, Volume 6, mars 1996 

A Classification of flow-Stress Anomalies, and the Specific Role of Strain 
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Grenoble, France 

Abstract: We propose a classification of stress anomaly mechanisms based on two limiting cases, 
according whethe? the macroscopic behaviour directly reflects the individual dislocation propeaies, or 
involves the whole dislocatwn ppoplation We show that, in the second case, some typical anomalies can 
be defined according to the relative efficiencies of mechanisms responsibk for an increase or a decrease of 
the mobile dislocation density, and are associated with specific strain rate sensitivities. The way in which 
such an analysis can help in deciding which models are most xkvant is discussed. 

1 . INTRODUCTION 

A flow stress anomaly can be defined as a positive stress response to an increase of temperature 
at constant strain rate, instead of the usual negative one expected in thermally activated 
plasticity. This particular behaviour is observed in a wide variety of materials, including a 
number of ordered intermetallics, but also in some pure metals, despite their different 
crystallographic structures and dislocation microstructures. These materials most often exhibit 
other characteristic features as a strong work-hardening rate (WHR), a strain rate sensitivity 
(SRS) close to zero (usually associated with positive SRS transients), a partly reversible flow 
stress, and serrated stress-strain curves (strain bursts) (for a review, see [ID. 
Among the available models proposed to date to account for these anomalies, some are based 

on a n  anomalous behaviour of the individual dislocation velocities, while others consides a 
possible evolution of the mobile dislocation density. Based on these two limiting cases, the 
main goal of the present paper is to propose an attempt of classification of stress anomalies, to 
discuss thoroughly their respective features, among which the strain rate sensitivity plays a 
central role, and to illustrate this classification by some models proposed for anomalies in Llz 
intermetallics, showing that it can help in deciding which of them are most relevant. The 
following discussion will implicitely refer to constant strain rate tests. 

2 . l' V-TY PE" AND "p-TYPE" MECHANISMS 

2 .  l "v-type" mechanisms 

A possible reason for a strength anomaly is that the average velocity V  (a*, T) of individual 
dislocations has an anomalous dependence, i.e. that [ d V  (a*, T) /dT],* < 0 in a 
given temperature range, a* being the effective stress. The response [dV  (G*, T) / d $ ] ~  of 
the dislocation velocity being usually positive, an increase of temperature has thence to be 
compensated by an increase of stress in order to keep the dislocation velocity constant. 
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It must be noticed that, in this type of approach, the constant -is considered to 
be equivalent to a constant dislocation x d ~ ~ & ,  which irnplicitely assumes that the & 
v is kept constant. The macroscopic behaviour of the material thus reflects 
directly the behaviour of individual dislocations. This is why this type of description can be 
considered as a l -dislocation approach. Dislocation motion is hence necessarily steady, i.e. the 
average velocity of each dislocation has to remain constant with time. 

2 . 2  "p-type" mechanisms 

In contrast, if a possible variation of the mobile dislocation density is contemplated, the system 
is given an extra degree of freedom, and the motion of an individual dislocation must not 
necessarily be considered as steady. For instance, even if V (U", T )  has a normal behaviour, 
mobile dislocations can be occasionally lost through an eKhauscion mechanism, thus becoming 
sessile, or simply disappear through an-n process. In order to cope with the constant 
applied strain rate, the steady character of dislocation motion considered in "v-type" models has 
to be replaced in '>-typew ones by a steady state in* and V (this is more or less equivalent to 
"v-type" approaches as long as the strain rate is kept constant, but essentially different as soon 
as strain rate changes are considered, as discussed later). In steady state conditions, the 
exhausted or annihilated dislocations are replaced by new ones, for instance through . .  . or through " remobilisation" of exhausted (and now sessile) dislocations. This 
balance between multiplication (or remobilisation) and exhaustion (or annihilation) terms is 
made necessary by the constant applied strain rate: if for instance the latter terms overwhelm the 
former, the mobile dislocation density is expected to fall off down to zero for a finite strain Q = 
po b A (po being the initial mobile dislocation density and A the mean free path of dislocations 
before exhaustion or annihilation). The flow stress would thus diverge at eo, which is usually 
not observed1* 2. 

The evolution with time of the mobile dislocation densityp, can be written: 

dpm = [(-EP~ - 40; + ~ f i )  V (D*, T )  + RP,] dt (1) 
where E, A, M and R respectively stand for exhaustion, annihilation, multiplication and 
remobilisation "frequencies", and depend in principle on a* and T, and where p, and ps are 
respectively the mobile and sessile dislocation densities. Both exhaustion and multiplication 
terms can be reasonably assumed to follow a in mobile dislocation density, 
since they usually involve a single mobile dislocation (multiplication occuring either at 
junctions between mobile dislocations and immobile forest dislocations, or at superjogs on a 
single mobile dislocation). In contrast, annihilation between two mobile dislocations follows a 
second order kinetics in p,,,, and remobilisation is likely to follow a first order kinetics in the 
iiessik dislocation density p,. This is of importance for the following discussion. 
The steady state mentioned above can be writtendp, = 0, i.e.: 

[{(M - E)pm - V (U", T )  + Rps] = 0 (2)  
Exhaustion3 and annihilation, involving either cross-slip or climb, are thermally activated. 

Their efficiencies are thus expected to increase with temperature. If they are more sensitive to 
temperature than multiplication qf remobilisation, stress has to increase as temperature is raised, 
in order to fulfill the steady state condition of eq. (2) ,  which obviously leads to a 

1 taking reasonable orders of magnitude for p, (l0I2 m-2), b ( 3 ~ 1 1 ) ~ ~ r n )  andA (fpm), the stress would diverge for 
e, = 3 X 10-~!. 

2 this steady state does not exclude the possibility of transients or instabilities, during which p, and V can 
fluctuate around their steady state values. 

3 Athermal dislocation storage will be disregarded here. 



3 .  OTHER CONSEQUENCES ON MECHANICAL PROPERTIES (SRS AND WHR) 

3 . l '%-type1' mechanisms 

As defined in $2, in pure "v-type" models, anomalies result from an anomalous temperature 
dependence of dislocation velocities, which must be compensated by a positive stress response 
of dislocation velocities in order to generate the anomaly. Since p, is assumed constant, the 
SRS of the material directly reflects the stress sensitivity of dislocation velocities. A strain rate 
jump yields an immediate readjustment of individual dislocation velocities, the stress response 
does not exhibit any transient, and, since [&/&lT >0, the strain rate sensitivity is necessarily 
positive. 

There is no specific provision in these "v-type" approaches for high 
since mobile dislocations have to remain mobile (steady motion) imtead of being continuously 
exhausted and stored as sessile dislocations, as considered inp-type approaches discussed now. 

3 . 2  "p-type" mechanisms 

3.2.1 SRS 

In the case of 'Tp-type" mechanisms, during a strain rate jump (e.g. increase of strain rate) at 
constant temperature, the material response is expected ro take place in two steps. Starting from 
the steady state described above (eq. (Z)), if V (a*, T )  has a normal stress behaviour, the stress 
suddenly increases at constant p,, which changes in different ways the values of E(a",T), 
A(a",T), M(a",T) and R(a*,T). The bracket thus departs from zero. A transient is then expected, 
during whichp, and the corresponding stress evolve toward new steady state values, for which 
eq. (2) is again verified. 
These two successive reactions can be described by two different types of SRS, a "transient" 

strain rate sensitivity S, = da* /d lnk  and a "steady state" strain rate sensitivity 
S,, = Ao" lAln.5. Since eq. (2 )  depends (at constant temperature) on both a* and p,, there is no 
reason why the new steady state stress should be the same as the initial one. The steady state 
SRS (S,) generally differs from zero. 
More precisely, combining Orowan's equation to eq. (2), the steady state condition can be 

written: 
A 2 

--(4) + (M - E ) !  + R ~ ,  = o 
V (a*, T )  b 

which can be easily resolved in E, giving: 
V (a* T )  E =  b - - - - ( & - E )  2A 

from which the SRS can be in principle derived, if the stress dependencies of the different terms 
were known. General tendencies can nevertheless be found in a few particular cases, according 
to the relative magnitudes of these different terms. 

In the case where annihilation and multiplication can be neglected in front of exhaustion and 



C2-192 JOURNAL DE PHYSIQUE IV 

remobilisation, eq. (4) reduces to: 

R being usually more sensitive to stress than E, i. is an increasing function of stress, and the SRS 
is positive (unless R and E have similar stress dependencies). 

The dominant terms here are exhaustion and multiplication (A=R=O). This is the basic 
assumption of the ELU model discussed in 5 5.2.2 (and also of the LPU one proposed earlier for 
Llo alloys [2]). In this case, since the solution i. = 0 is not acceptable, eq. (4) leads to E=M 
(eq. 3), which is only a function of stress and temperature. The imposed temperature determines 
the steady state stress (through eq. (3)), which means that thesteady-state SBS is e q w  
and the imposed strain rate determines the mobile dislocation density (through the Orowan 
equation). 
Pure "EM-p-typef' mechanisms are thus expected to exhibit a non zero (positive) S and a zero 
ss, 

This is what would happen if some annihilation is allowed to take place in a "EM-ptype" 
mechanism. Again, since i. = 0 is not acceptable, eq. (4) gives: 

i.= b 
(M - E) V (2, TT) 

A 
In order to keep i- positive, multiplication must obviously be more efficient than exhaustion. 
The SRS is in general different from zero, and, since multiplication is likely to be more stress 
sensitive than exhaustion or annihilation, the SRS should be positive. It is worth noticing that, at 
constant strain rate, the steady state condition E=M (eq. 3) is obtained at vanishing values of A, 
corresponding to a zero SRS . 

3 . 2 . 2  WHR 

The steady state described above is a steady state for the mobile dislocation density. The sessile 
dislocation density is expected to increase continuously, due to the exhaustion mechanism, 
though somewhat tempered by annihilation. This can result in a strong work-hardening rate, 
through an internal S tress: 

oi = vWZG% (8) 
in which the sessile dislocation density continuously increases with strain 121. 
In the case of "EM p-type" mechanisms, exhaustion prevails upon annihilation, and 
remobilisation is negligible. Storage of sessile dislocation is thus enhanced, and the WHR is 
expected to be even larger than in the case of "ER-p-type" or "EMA-p-type'knechanisms. X s  
might be the reason why, in L12 compounds in particular, the WHR usually goes through a 
maximum at a temperature for which the SRS is minimum, i.e. below the stress peak 
temperature. The mechanism responsible for the anomaly might indeed evolve from a nearIy 
pure "EM ptype" at the SRS minimum to a more general 'p-type" one as temperature 
approaches the stress peak temperature. 

Other properties often associated with stress anomalies, as for instance flow stress 
reversibility, can also be derived from such "EMp-type" approaches (e,g. [2,3D. 



4 .  COMPETWION BETWEEN ZERO SRS AND NON-ZERO SRS MECHANISMS 

It appears from the above discussion that "EM+-type" mechanisms are characterised in 
particular by a z a x  which is d l y  obse~ed  -, whereas this is not 
necessarily the case of general "p-type" nor "v-type" ones. Does that mean that the latter are 
irrelevant? This question deserves more attention. This is why we shall focus now on the way in 
which a mechanism with a zero SRS and a mechanism with a non-zero SRS, acting in parallel, 
compete in the material4. 
Taken alone, these mechanisms are characterised respectively by flow stresses a(;(T) and 
a;(T,k), the first one depending on T only since the corresponding SRS is zero. Due to the usual 
complexity of the crystallogtaphic structures in intermetallics, several types of dislocations 
might be involved in deformation processes. The result of the competition between mechanisms 
0 and 1 depends on whether they involve the same type or different types of dislocations, as 
examined now. 

4 .l The two mechanisms involve different types of dislocations 

It is obvious that, since o(;(T) is independent of L., and since o;(T,&) is an increasing function of 
E, the easiest will be mechanism 0 at high strain rates, and mechanism 1 at low strain rates. 
At a given temperature indeed, the steady state of mechanism 0 ("EM-p-type") is determined by 
a single value rates.; (T) of stress, as seen in 3.2.1.2 and eq. (3). 

- At large o(;(T) < U; (T, k), and mechanism 0 ("EM-p-type"), whose 
steady state stress is lower, is dominant, i.e. gives a major contribution to the total strain (fig. 1). 

- At strain rates.: (T) > o; (T, L.), and mechanism 1, which has a positive SRS, 
turns to be the easiest. The resulting effective stress is lower than a;, which enhances the 
exhaustion kinetics of the "EM-p-type" mechanism as compared to its multiplication rate. 
Mobile dislocations of the "EM-p-type" become gradually sessile, and mechanism 1 eventually 
operates alone. 

4 . 2  Both mechanisms involve the same dislocations 

4 both mechanisms can be either normal or anomalous. 
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Figure 1: Typical strain rate dependence of the flow stress for mechanisms of types 0 and l ,  at 
constant temperature. Mechanism 1 with a positive SRS, can become dominant at low strain 
rates (C < i,). 

- At LaTge U; (T, k )  > a(;(T): the "EM-p-type" mechanism is and remains 
dominant as in the previous case. 

- At low strain rates.;(T, k)  (T(;(T): the flow stress starts close to o;, and the 
activity of mechanism 1 starts being larger than that of mechanism 0, while the exhaustion due 
to mechanism 0 ('EM-p-type") prevails upon multiplication since the stress is lower than 06. 
This would readily eliminate all the mobile dislocations, which is not possible in an imposed 
strain rate test. Stress has therefore to increase up to 06, which restores a balance between 
multiplication and exhaustion, and thence a significant activity of the "EM-p-type" mechanism. 
Both mechanisms could operate simultaneously in this case, b u t k e l - i m p ?  
y , M - m ~ e "  uroca.  In particular, a strain rate jump would lead to a change of density of 
mobile dislocations, leaving unchanged the steady state flow stress, and a zero steady state SRS 
would be measured after the transient. 
To summarise, an "EM-p-type" mechanism in parallel with a mechanism with a positive steady 

state SRS will always be active, if not dominant,except if the two mechanisms involve different 
types of dislocations and if at the same time the strain rate is low enough. In the case where the 
same dislocations are involved in the two mechanisms, the anomaly appears, with a zero SRS, 
whatever the normal or anomalous character of the competing mechanism. This is probably the 
reason why most anomalies show a zero (or small) value of G. 

5 .  EXAMPLE: THE FLOW !!iTRESS ANOMALY OF L12 ALLOY S 

5 .  l "v-type" models 

5. I .I "local pinning" models 

The first models proposed for flow stress anomalies in L12 alloys were based on a thermally 
activated pinning of superdislocations [4,5]. The pinning rate thus increases with temperature, 
leading to a decreasing separation between pinning points. If the mobile dislocation density is 
assumed constant during deformation, the steady character of dislocation motion involves that 
the unpinning rate has to increase with temperature, which in turn requires an increase of stress. 
We have seen above that these models do not in principle systematically account for a zero 
SRS. However, the introduction of a thermally activated unpinning 161 yields a logarithmic 
dependence of stress on strain rate, i.e. a low SRS, whereas considering the possibility of 
different paths from the pinned state to the unpinned one, combined with the same steady state 
assumption, allows a good description of the discontinuities of the activation volume [?l. 

5.1.2 "locking-unlocking" (LJUL) model 

This type of model is based on in situ observations, performed on different types of materials 
exhibiting stress anomalies, of the jerky motion of screw dislocations [g]. This well known 
approach has been applied to a number of different materials, and will be briefly sketched here. 
Its basically consists in a series of thermally activated locking and subsequent unlocking events 
experienced by screw superdislocations, related (in L12 alloys) to cross-slip from the octahedral 
towards the cube plane, which account for the jerky motion obsemed during in situ straining in 
a transmission electron microscope. 
Both locking and unlocking frequencies, defined through the corresponding activation energies 



AGL and AGuL. increase with temperature. The waiting time in the locked configuration is 
observed to be always significantly larger than the flight time between two successive lockings. 
This means that AGuL- AGL is positive, and that the average dislocation velocity, given by: 

V (ox, T) a exp [-AGuLk~ (9) 
has a normal temperature behaviour, unless some additional ingredient is introduced. In its last 
developments, the authors consider that the unlocking mechanism requires a stress which 
increases with the amount of cross slip into the cube plane, i.e. with temperature. As 
temperature is raised, average dislocation velocities decrease, unless stress is raised to keep 
~ ( o * ,  T) constant. 
This is a typical one-dislocation "v-type" model. The SRS has to be positive, as for instance in 
the case of the local pinning models. It can be nevertheless noticed that the L/UL mechanism 
could be described in a more realistic way by an "ERp-type" model rather than by a pure "v- 
type" one. The SRS would be anyway positive (see Q 3.2.1.1). 

5 . 2  ')-typew models 

5.2.1 Greenberg-Zvanov 

Though the Greenberg-Ivanov approach [9] can be (and has been) applied to stress anod ie s  in 
intermetallics, it is more general, and aims at relating the macroscopic behaviour of a material 
to the evolution of the different possible populations of sessile and glissile dislocations. In its 
simplest form, it considers the time evolution of a single type of mobile and sessile dislocation 
densities: 

9 = -p,vms + psvsm + M '  (10) 
& = 
dt Pmvm - Psvm (11) 

where p, and p, are respectively the mobile and sessile densities, where v,, and v,, are 
respectively the frequencies for the m-7s and $->m transformations, and where 
M' = d p / d t  > 0 is a multiplication rate for the total dislocation density p = p, + p, (it can 
be noticed that eq. (10) is rather similar to eq. (1). These equations are made complete by the 
addition of two well known other equations relating the microscopic and the macroscopic 
behaviours : 

fa  = ~ P W D - z  (12) 
i- = pnbp (13) 

where f is the Schrnidfactor, and Vthe instantaneous velocity of the mobile dislocations. 
1 

When the "observation time" is large as compared to the "relaxation time" (v, + v,)- , eq. 
(6 )  becomes quasi-stationnary, as assumed in the above mentioned '>-type7' models. If 
v,, >> vSm (wbich is usually the case), and provided some other (and more questionable) 
assumptions are made (as for instance that both V and M' are stress independent), an analytical 
solution can be found for O(T, i.), which goes through a maximum as temperature is raised. 

This model is clearly a "p-type", but not an "EM-p-type" one. It does not give in principle a 
zero SRS, for at least two reasons: 

i) in eq. (10) the "remobilisation" term M,), which is independent of p, (as the 
exhaustion term does), is not neglected, and that the multiplication term M ' is taken 
independent of p,, in contrast with eq. (1) where M' = MV (a*, T)~,. As stated above, the 
multiplication term should in principle depend linearly on p,, since a single mobile dislocation 
is involved in most multiplication mechanisms. 

ii) the stress appears only in eq. (12), as an internal stress due to the long range 
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interactions of mobile dislocations with the total dislocation population. It means that, though a 
Schmid factor is introduced in eq. (13), the effective stress which rules both the velocity 
V (a*, T) of mobile dislocations and the transition frequencies v,, and v,, is ignored. 
5.22 The "Extended-LockinglUnzipping" (ELU) model 

This model [l01 is a typical "EM-p-type" model, based on macrokink mechanisms similar to 
those involved in the Chrzan-Mills simulation [ll], and, as the Cseenberg-Ivanov one, on a 
steady state assumption that avoids a complete exhaustion or a catastrophic multiplication of 
dislocations. A thermally activated locking of superdislocations into KW locks leads to an 
exponential macrokink height distribution: 

SL A e -A lh  ('1 = '0  ex^ [--~o  ex^ (7) = (14) 
MKs experience a friction F. (essentially due to bending of KW locks in the cube plane, and 
supposed to be constant for the sake of simplicity), and can therefore zip along KW locks if 
their heights A are larger than a critical height Ap = Fo/a*b. I f  a dislocation is in such a 
configuration that it has at least a MK larger than Ap, this MK will zip, react with other MKs, 
and give continuously new configurations mtil one of them has no MK larger than LP. This 
configuration is sessile, and the occurence of such events in the mobile dislocation population is 
at the origin of exhaustion. The related exhaustion rate E(@: T) can be computed from the 
height distributionP (A) of the 1- MK on each dislocation, which can be shown easily to be: 

The exhaustion rate is then: 

E (aY, T )  = t~ (A) dA (16) 
which depends on stress throughAp and on temperature through P (A). 

Figure 2: schematic macrokink heights distributions n(A) and P(A) for two temperatures (see 
text). The grey areas correspond to the exhaustion and multiplication frequencies at T=TI. 

The steady state assumption requires that this exhaustion rate is balanced by multiplication, 
annihilation being neglected in the model. It is assumed, as in other MK models, that MKs 
higher than a critical height AM @/a* are potential dislocation sources. The related 
multiplication rate is thus 

M (a*, T) G n (A)d/l = n& e-&'& (17) 
which depends on stress through AM and on temperature through &. 



The steady state requires that E=M. ?'he anomaly arises from the fact that, as temperature is 
raised, the distributions n (l) and ~ ( 1 )  are shifted towards smaller 1 values (fig. 21, and a shift of 
lp and AM toward the left, i.e. an increase of stress, is needed to maintain the balance between 
multiplication and exhaustion. The other consequences of the model are those of 8 3.2.1.2. 
Due to its "EM-p-type" character, this model accounts qualitatively for the major observed 

features, namely a zero SRS, a significant flow-stress reversibility and a high WHR . in spite of 
the rather crude assumptions on which it is based. 

5 . 3 Which type of model is most relevant? 

We have given a few examples of a number of models proposed to account for the anomalous 
behaviour of L12 alloys. The question arises now on which type of model is most relevant, and 
will be discussed on the example of L/UL and ELU processes. 
If the ''local pinning" and the Greenberg-Ivanov approaches are discarded for the reason that the 
corresponding microstructures are either not in agreement with observations or not specified, 
we can focus the discussion on the L/UL mechanism (which should be better described by an 
"ER-ptype" model rather than by a "v-type" one) and a "EM*-type" one like ELU, the latter 
only being characterised by a zero SRS. The locking-unlocking mechanism is actually observed 
in situ, and the question arises whether it can operate in the bulk as well. Both mechanisms 
apparently involve the same dislocations. However, the exhausted dislocations of the ELU 
mechanism are not sessile with respect to the L/UL one. In other words, the exhaustion of 
superdislocations taking place chuing the operation of the ELU mechanism cannot hinder a 
possible activity of the competing L/UL mechanism, and the conclusions of 8 4.1 can then 
apply, instead of those of 8 4.2. It turns out from the above discussion that the L/UL "v-type" or 
"ER-ptype" process can operate significantly at low strain rates, wheras the ELU "EM-p-type" 
one is likely to prevail at higher strain rates. Since the SRS is very small (for usual strain rates) 
in the whole anomaly temperature range, an "EM-ptype" model (like ELU) is more likely to be 
relevant in these conditions. 
Since the L/UL mechanism might become dominant at lower strain rates, SRS measurements 
would give in this case positive values, but one can wonder whether the anomaly would still be 
observed. It cannot probably be inferred that L/UL is anomalous from in situ local stress 
measurements performed at usual strain rates [l 21, which exhibit a stress anomaly, since the 
stress measured in the thin parts of the specimen can reflect the characteristics of the 
mechanisms acting simultaneously in the bulk. The question whether the anomalous character 
of the L/UL mechanism is relevant or not is therefore still open. An experimental evidence of an 
anomaly associated with a positive SRS at low strain-rates should perhaps give an answer. 

6 .  CONCLUSION 

In the present analysis, stress anomalies have been classified into "v-type" and several "-type" 
ones, which can be respectively described as "one-dislocation" and "multi-dislocation" 
processes. The imposed constant strain rate requires a steadiness of the individual dislocation 
motion in the former case, and a steady state in mobile dislocation density in the latter. Since 
the locking processes involved in both types of approaches are similar, in that they essentially 
involve dislocation core structures, some of the related particular features usually associated 
with stress anomalies, as for instance violations of the Schmid law, can be accounted for by 
both types of approaches. However, other specific properties, as a high work-hardening rate, a 
significant flow stress reversibility, and, most important, a low strain rate sensitivity associated 
with different possible types of strain rate jump transients, cannot be systematically derived 
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from '\-typew approaches nor from general '+typew ones. In contrast, these features come out 
in a natural way from "EM-p-type" mechanisms, in which exhaustion and multiplication are 
dominant. A possible competition of these two kinds of processes simultaneously operating in 
the material has been thoroughly discussed. Such an analysis can probably help in deciding to 
which type of mechanism the observed stress anomalies should be ascribed. 
Nevertheless, most stress anomalies are also associated with strain bursts probably responsible 

for both dislocation avalanches and serrated flow at respectively the microscopic and the 
macroscopic scales. Though such features can be reasonably expected for small (or negative) 
strain rate sensitivities, none of the models proposed to date can account for it. The '>-typew 
approaches, which are given an extra degree of freedom though the possibility of varying the 
dislocation densities and thus describing strain rate transients, are obviously the basic 
framework in which further investigations of the relations between stress anomalies and plastic 
instabilities could be envisaged. The necessary (and difficult) ingredient to be introduced 
however is the particularly enhanced dislocation interactions, due the localised character of slip 
inherent in these phenomena, transforming the "multi-dislocation" approaches discussed here 
into "many-dislocation" ones, as already done in other domains. 

?he author is indebted to Dr J. Bonneville for comments on the manuscript. 
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