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Abstract
This paper presents some improvements of the generalized plasticity model proposed by [PASTOR et al., 1990] that can
be used to reproduce “damage” phenomena in geomaterials. First, a simple improvement is introduced to reproduce the
mechanical behaviour of bonded soils or weak rocks. In this case, the bond degradation depends only on the plastic strains
and affects the plastic modulus. In the limit case, when destructuration is complete, the proposed model coincides with the
original one. Then, a hierarchical enhancement of the basic stress-strain relation is also presented for unsaturated soils. It
is obtained by introducing a second mechanism of plasticity. Hydraulic hysteresis is reproduced by taking into account the
water storage mechanism. In the limit case, when the saturation degree is equal to one, the basic saturated model is recovered, and the transition between saturated and unsaturated conditions takes place without discontinuity. Other degradation phenomena as those caused by thermal or chemical effects can be modelled with the same constitutive assumptions.
The main advantage of using generalised plasticity theory is that it gives a simple yet efficient framework within which it is
possible to reproduce not only monotonic stress paths but also cyclic behaviour. Finally, some numerical validations of the
proposed improvements are described.

1. Introduction
Flowslides characterised by a sudden failure and
a rapid and extensive runout, such as those caused
by the earthquake in El Salvador in February 2001,
Figure 1, are responsible for major damage to lives
and property. It is therefore important to study this
kind of landslides to asses the risks and to propose
remediation measures. Prediction of the conditions
under which failure will take place, and its consequences is of paramount importance.
Failure mechanisms can be of different types. In
some cases, the failure mechanism consists on a
clearly defined surface where shear strain concentrates, while in other cases the collapse is due to an
important increase of pore pressures and a corresponding decrease of the effective stress. This is the
case, for instance, of the liquefaction of a layer of
very loose saturated sand induced by an earthquake.
This mechanism of failure that affects a much larger
mass of soil, can be referred to as “diffuse” [DARVE &
LAOUAFA, 2001] and it is characteristic of soils presenting very loose or metastable structures with a
strong tendency to compact under shearing.
It has to be mentioned here that this mode of
failure can be exhibited also by non-saturated soils
such as those of volcanic origin. Indeed, collapse of
the material under the loading induced by an earth-
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Fig. 1 – Las Colinas landslide (El Salvador), February 2001.
Fig. 1 – Frana di Las Colinas (El Salvador), febbraio 2001.

quake can cause a major pore air pressure increase
and eventually lead to a “dry” liquefaction [BISHOP,
1973]. In the absence of obvious evidence for the existence of positive pore-water pressure and the observation of the extensive run out in Figure 1, Las
Colinas flowslide could be explained by this mechanism [PASTOR et al., 2002], [EVANS & BENT, 2004]. Before arriving to the needed loose state, the loss of initial strength in Las Colinas can be explained by a
destruction of suction forces in the partially saturated soil, i.e. by a destruction of menisci during the
earthquake, and/or a destruction of cementation in
the pyroclastic material, i.e. destruction of bonds
during the earthquake.
Simple constitutive models cannot be applied to
reproduce the collapse and the behaviour described
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above. This paper presents a new constitutive model
able to reproduce such phenomena.
During the last decade a great number of constitutive models for unsaturated soil have been developed, mostly based on experimental observation
and plasticity theories. A thorough review of these
can be found in [G ENS , 1996] and [W HEELER &
KARUBE, 1996]. Concerning debonding, it is worth
mentioning the work of [GENS & NOVA, 1993] and
[LAGIOIA & NOVA, 1995] who developed constitutive
models for bonded soils and weak rocks.
The generalized plasticity model proposed by
[PASTOR et al., 1990] is able to simulate the principal
features of loose and dense sands behaviour under
monotonic and cyclic loading, in drained as well as
in undrained conditions. In this paper some improvements of this model are presented to reproduce the “damage” phenomena described above.
First, a succinct description of generalized plasticity
will be made for the sake of completeness. Then, a
simple improvement will be introduced to reproduce the mechanical behaviour of bonded soils and
weak rocks. A hierarchical enhancement of the basic
stress-strain relation is also presented for unsaturated soils, based on the introduction of an additional plastic mechanism. Hydraulic hysteresis is reproduced by taking into account the water storage
mechanism. Finally, using the same constitutive assumptions, the model is generalised to take into account other degradation phenomena as the ones
caused by thermal or chemical effects.

A constitutive model developed in the framework of generalized plasticity is fully determined by
specifying at each point of the stress space (and for
a given history) three directions (the loading direction n and the plastic flow directions for loading and
unloading ngL and ngU), two scalars (the plastic moduli for loading and unloading HL and HU) and the
elastic stiffness tensor De.
[PASTOR et al., 1990] proposed a specific constitutive model for granular soils, the PZ model, which
is able to simulate various features of loose and
dense sands behaviour under monotonic and cyclic
loading, in drained as well as in undrained conditions.
Since the PZ model assumes an isotropic material
response in both elastic and plastic ranges, the constitutive equations can be written in terms of the
three stress invariants p, q, θ and the work-conjugate
strain invariants dεv and dεs.
As a result, for loading stress increments, the
plastic flow direction ngL is given by:
(3)
whose components are expressed as:
(4)
in which dg, the soil dilatancy has been expressed as
linear function of the stress ratio η=q/p:
(5)

2. The Generalized Plasticity Model for Sand
The basic idea of generalized plasticity is both to
describe plastic strains and accumulation of pore
pressure under cyclic loading and to allow for plastic deformations irrespective of the direction of the
stress increment, i.e. both in loading and unloading
conditions. Moreover, irreversible plastic deformations are introduced without specifying any yield or
plastic potential surfaces: the gradients to these surfaces are explicitly defined, instead of the functions
themselves. Details of the generalized plasticity theory will not be discussed here, and interested readers are referred to [ZIENKIEWICZ & MROZ, 1984] and
[PASTOR & ZIENKIEWICZ, 1986]. The constitutive equation is written as:
(1)

αg is a material constant and Mg is the slope of the
critical state line which is related to the residual angle φ’ by
(6)
In unloading conditions, since irreversible
strains are contractive, the components of plastic
flow direction ngU are given by:
(7)
The model assumes a non-associated flow rule,
thus the loading direction n is different from ng, but
with similar expression for components. These ones
can indeed be still expressed by Eqs. 4, in which dg
and Mg must be replaced by df and Mf respectively.
df is in turn given by:
(8)

or
(2)
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being αf and Mf constitutive parameters.
In order to take into account the main features
of sand response – i.e. the existence of a critical state
condition, dilative response after peak, liquefaction
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in loose sands, memory of previous stress path-,
[PASTOR et al., 1990] proposed for the plastic modulus HL the following relationship:
(9)

must be defined. This simple model assumes an associated flow rule, i.e the loading direction n is
equal to ng, no plastic deformations for unloading
and a new plastic modulus H definition:
(13)

with
with

accumulted
deviatoric plastic strain

where H0, M, α, β0 are constitutive parameters.

3. An Enhanced Generalized Plasticity Model
for Bonded Geomaterials
mobilised stress function
where H0, γ, β0 and β1 are constitutive parameters.
In ‘unloading’ case, the plastic modulus HU can
be expressed as follows:
(10)
where Hu0 and γu are constitutive parameters while
ηu, referred as unloading stress ratio, is the stress ratio from which unloading takes place.
The material has a non linear elastic response,
according to the following relationships:
(11)
where the tangent bulk and shear moduli Kt and Gt
are assumed to be dependent only on the hydrostatic part of the stress tensor:
(12)
with Ko, Go and p’0 reference values.
As shown, the PZ model requires the definition of
12 material parameters, which can be calibrated
from tests that are routinely performed in geotechnical laboratory, such as drained and undrained
monotonic triaxial tests or undrained cyclic triaxial
tests [ZIENKIEWICZ et al., 1999]. Some of them (αg and
αf for example) can be assumed as constant, requiring a further estimate only for very sensitive “calibration studies”. Moreover, the number of material
parameters that need calibration is dependent on
the stress path under consideration: for instance,
Hu0, γu, governing the unloading behaviour of the
material, don’t have to be defined for monotonic
loading.
A simple model for clays has also been proposed
by [PASTOR et al., 1990] in which only 7 parameters

An improvement of the model described in the
preceding section has been recently proposed by
the authors [FERNÁNDEZ-MERODO et al., 2004] to reproduce the mechanical behaviour of bonded soils,
weak rocks and other materials of a similar kind.
Following the framework introduced by [GENS &
NOVA, 1993] and [LAGIOIA & NOVA, 1995], two basic
concepts lie in the representation of this mechanical
behaviour: the fundamental role played by yield phenomena and the need for considering the observed
behaviour of the bonded material in relation with the
behaviour of the equivalent unstructured one.
As the amount of bonding increases the yield
surface size must increase. Two parameters define
the new enlarged yield locus: pc0 that controls the
yielding of the bonded soil in isotropic compression
and pt which is related to the cohesion and tensile
strength of the material. Both pc0 and pt increase
with the magnitude of bonding, Figure 2.
We can assume that the degradation of the material (decrease in bonding) is related to some kind

Fig. 2 – Successive yield surfaces for increasing degrees of
bounding. Surface A corresponds to unbounded material.
Fig. 2 – Evoluzione della superficie di plasticizzazione per valori
crescenti del livello di cementazione (A: materiale non
cementato).
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of damage measure, that will in turn depend on plastic strains. [LAGIOIA & NOVA, 1995] proposed simple
laws to describe the debonding effect on a calcarenite material. The evolution of pt is governed by:
(14)
where pt0 and ρt are two constitutive parameters and
εd is the accumulated plastic volumetric strain.
It appears reasonable to assume that changes of
the yield locus will be controlled by two different
phenomena: conventional plastic hardening (or softening) for an unbonded material and bond degradation. In that case, the plastic modulus introduced
in 9 can be improved introducing Hb such as:
(15)
New factors p*, H*f, H*v, H*s, H*DM must be defined by introducing the parameter pt:

where

Fig. 3 – Isotropic compression test: experimental data
from [LAGIOIA & NOVA, 1995] and calculated curve.
Fig. 3 – Prova di compressione isotropa: dati sperimentali
[LAGIOIA & NOVA, 1995] e risposta del modello.

It can be seen that value of Hb decreases when
the volumetric plastic strain increases (i.e. when
debonding occurs) and in the limit case, when destructuration is complete, Hb becomes zero. In this
case, the new plastic modulus defined in 15 coincides with the original plastic modulus defined in 9.

is the new stress ratio,
is the new mobi-

lized stress function and τ*MAX is the maximum value of the new mobilized stress function that can be
replaced by the distance pc0.
The term Hb is also controlled by the evolution
of bonding. We propose a simple definition that depends only on the plastic volumetric strain:
(16)
where b1 and b2 are two constitutive parameters.

3.1. Model Predictions
It is possible to reproduce with this extension the
laboratory tests performed by [LAGIOIA & NOVA, 1995]
on the Gravina calcarenite. The parameters used in
the simulation are given in the original paper [FERNÁNDEZ-MERODO et al., 2004], Figures 3-5 compare experimental data and model predictions for specimens in an isotropic compression test or specimens
sheared in drained conditions under initial isotropic
confining pressure and in an oedometric test.

Fig. 4 – Drained constant cell pressure test (σ3=1300 kPa): experimental data from [LAGIOIA & NOVA, 1995] and calculated curves.
Fig. 4 – Prova triassiale drenata (σ3’=1300 kPa): dati sperimentali [LAGIOIA & NOVA, 1995] e risposta del modello.
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Fig. 5 – Oedometric test: experimental data from [LAGIOIA & NOVA, 1995] and calculated curves.
Fig. 5 – Prova edometrica: dati sperimentali [LAGIOIA & NOVA, 1995] e risposta del modello.

4. An Enhanced Generalized Plasticity Model
for Unsaturated Geomaterials

tal strain rate is decomposed in the elastic component, the plastic one and a new component that
takes into account changes in suction.

An improvement of the model described in the
preceding section can be introduced to reproduce
the characteristic features of the mechanical behaviour of unsaturated soils that have been summarized
by [GENS, 1996] as follows:
– apparent preconsolidation stress increases with
suction
– soil state after collapse due to wetting lies on the
saturated consolidation line
– soil exhibits stress-path independent behaviour
in tests involving wetting whereas in test involving drying
– strain reversal occurs in some wetting tests
– shear strength increases with suction
– existence of a critical state line for constant suction values.
[BOLZON et al., 1996] and [ZHANG et al., 2001]
suggested to integrate the partially saturated state
in the PZ model by modifying the plastic modulus
through a multiplicative function Hw that takes into
account the suction variable. In its simplest form,
Hw varies linearly with change in suction

Now, the terms in the hardening modulus H,
the vectors n and ng are redefined accounting for
the new definition of the mean Bishop stress:

(17)

(22)

where a is a new material parameter. In their
formulation the suction rate is missing from the
stress-strain relation and it is not able to model the
behaviour of soils properly along particular stress
paths. In the case of an ideal isotropic wetting test
where the suction decreases and the mean net stress
increases in order to maintain the mean Bishop’s
stress constant the model predicts null strains but
the specimen should collapse.
[TAMAGNINI & PASTOR, 2004] proposed a bitensorial approach of the PZ model defined in a space of
–
three invariants: the mean net stress p=p–pa, the
deviatoric stress q and the suction s=pa –pw. The to-

The memory or overconsolidation factor HDM is
modified to account for the double mechanism of
hardening induced by both suction and plastic
strain:

(18)
The new constitutive relation is written:
(19)
or
(20)
where σ’’ is the “average skeleton stress” [JOMMI,
2000] equivalent to the “Bishop stress” [B ISHOP,
1959] where the parameter χ is equal to the degree
of saturation Sr:
(21)

(23)
The function J provides the additional contribution of hardening due to partial saturation and it is
stated as:
(24)
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where c is a constitutive parameter. This modification is similar to the one proposed by [GENS & NOVA,
1993] to model bounding materials. This can be
physically interpreted by the fact that a lower degree of saturation implies an higher numbers of
contact zones between the pore fluids (menisci). In
this expression the saturation degree should be preferred to the suction, due to the hysteresis of the water retention curve (WRC).
The plastic modulus H s in the third term of
Equation 19 defines plastic strain produced by
changes in suction during wetting and it is stated as:
(25)
The hardening modulus Hs can be estimated
from a wetting-isotropic path in which the material
undergoes collapse. The shrinkage of the yield criterion produced by a change in the value of suction
depends on the current isotropic stress and on a
constitutive parameter b. To generalize Hs to other
condition path it can be multiplied by the function
Hf and to take into account over consolidation it can
be multiply by HDM.
4.1. Water retention curve WRC

the constitutive parameter ks being their slope.
The introduction of hysteresis in the water retention curve make possible to correctly model the
irreversebility response in wetting-drying cyclic tests
as it will be shown latter with the reproduction of
[ROMERO & VAUNAT, 2000] experiment.
Firstly, the hydraulic hysteresis induces a hysteric behaviour in the shear strength. Failure is
reached when:
(29)
with an apparent cohesion cs, depending both on
suction and on saturation degree. As for a fixed value of suction s* the saturation degree on the drying
branch of the WRC Sr*drying is higher than the corresponding saturation degree on the wetting curve
Sr*wetting, the model predicts that the strength will be
lower in the latter case.
The most important feature of the proposed
model is that hydraulic hysteresis implies the mechanical hysteresis in the contribution of hardening
due to partial saturation during wetting-drying cycles. According to 24, the corresponding values of
the hardening parameter in a main drying path and
a main wetting path for a fixed value of s* are different:

Suction is estimated from the current degree of
saturation according to a state surface relationship
Sr=Sr(s). [LLORET & ALONSO, 1985] proposed the
simple function

(30)

(26)
with m and n constants.
In practice the relationship between degree of
saturation and suction for a given soil will be nonunique because the occurrence of ‘hydraulic hysteresis’ during inflow and outflow of water. Retention
curves followed during wetting and drying are different.
The main drying and wetting curves of the WRC
can be both described by the equations proposed by
[ROMERO & VAUNAT, 2000] after a modification of
[VAN GENUCHTEN, 1980] expression:
(27)
The two limiting curves are obtained by assuming different values for the constitutive parameters
α and β, while they can be described by the same
value of the parameters m, n and the water ratio cutoff e wm . For the sake of simplicity, the scanning
curves are assumed linear in the (Sr,s) plane:
(28)
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and J*drying is smaller than J*wetting because Sr*drying is
larger than Sr*wetting.
4.2. Model Predictions
A characteristic behaviour of partially saturated
soils was indicated by the suction-controlled oedometer tests performed by [ESCARIO & SAEZ, 1973] on
compacted clay. In this test, a clay was saturated at
constant net stress of 200 kPa starting from a value
of suction equal to 3500 kPa, wich corresponds to
Sr=0.2, Figure 6.
The constitutive parameters adopted in the simulation, using the PZ model for clays, are reported in
the Table I and the WRC is defined using the relation 26 with m=0.8 and n=2MPa-1. We suppose that
no plastic deformations occur for unloading, i.e.
H=∞, in this case the stress tensor defined in 20 is
simplified as
(31)
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Tab. I – PZ model parameters for the [SAEZ & ESCARIO,
1973] test.
Tab. I – Parametri del modello PZ per il test di [SAEZ & ESCARIO,
1973].
K (kPa)

H0

ζMAX (kPa)

γ

b

57000.

35.38

850

5

2.25

This expression differs from the way that [BOLet al., 1996] reproduce this experiment. They
consider the effect of the suction inside the definition of the plastic modulus using H=H0 (1+a · s)p’’
where a is a constitutive parameter.
The results of the numerical simulation are reported in Figure 7. We observe that using the proposed two stress variables formulation in the generalized plasticity model the numerical simulation reproduces correctly the swelling/collapse behaviour
reported by the experiment. On the contrary the
classical one stress variable formulation reproduces
only swelling. As expected a lower swelling is obtained in the specimen with a lower initial suction,
Figure 7 shows also the results for an initial suction
equal to 1400 kPa.
Another numerical simulation of a wetting test
in a oedometer made by [MASWOSWE, 1985] is reported. In this test, the sample is first compressed at
constant water content until 400kPa of vertical net
stress is reached, starting from S r =0.45, corresponding to a suction’s value of 240 kPa. After compression, specimen is soaked at constant net stress.
This stress path is similar to the stress path produced by the compression induced by the construction of the embankment and the subsequent wetting
produced by the impounding, Figure 8.
ZON

Fig. 6 – Loading path of swelling/collapse test by [ESCARIO
& SAEZ, 1973].
Fig. 6 – Percorso di carico del test di rigonfiamento/collasso di
[ESCARIO & SAEZ, 1973].

The constitutive parameters adopted in the simulation, using the PZ model for clays, are reported in
the Table II and the WRC is defined using the relation 26 with m=0.64 and n=5.38MPa-1
The results of the numerical simulation are reported in Figure 9. We observe that using the proposed two stress variables formulation in the generalized plasticity model the numerical simulation reproduces correctly the collapse behaviour reported
by the experiment.
The cyclic drying-wetting test proposed by
[ROMERO & V AUNAT , 2000] is numerically reproduced with the proposed model. This test has also
been reproduced by [TAMAGNINI, 2004] using an extended Cam-clay model for unsaturated soils. The
stress paths followed (A→E) can be summarized as
follows. Wetting and drying cycles under a constant
isotropic stress of p-pa=0.085 MPa, were performed
by maintaining a constant air pressure pa =0.50
Mpa and controlling water pressures. Suction steps
were applied: (pa-pw) = 1.8 MPa (pointA), 0.01 Mpa
(point B), 0.45 Mpa (point C), 0.01 Mpa (point D),
0.45 Mpa (point E).
Parameters defining the WRC expressions
27and 28 given by [VAUNAT et al., 2000] have been
adopted. Figure 10 plots the hydraulic hysteresis
during the test.
The constitutive parameters that have been
adopted for the PZ model for clays, are reported in
Table III.

Fig. 7 – Swelling\collapse test: experimental data from
[SAEZ & ESCARIO, 1973] and calculated curves.
Fig. 7 – Test di rigonfiamento/collasso: dati perimentali [SAEZ &
ESCARIO, 1973] e risposta del modello.
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et al., 2003] for the chemical effect and [HUECKEL &
BORSETTO, 1990], [CUI et al., 2000] or [LAOUI & CEKEREVAC, 2003] for the thermal effect.
Using the generalised plasticity theory, the total
strain rate is decomposed as follows:

5. Generalization: Modelling Damage with
Generalized Plasticity
The same constitutive assumptions can be used
to model the damage caused by other factors as
thermal or chemical effect. Other authors have
studied these particular cases as for instance [NOVA

(32)
where the third term accounts for the irreversible
plastic strain induced by damage produced by the X
internal state variable. X can be substitute by temperature, suction, solvent concentration.

Fig. 8 – Loading path of [MASWOSWE, 1985] test.
Fig. 8 – Percorso di carico del test di [MASWOSWE, 1985] test.

Fig. 9 – Oedometric test: experimental data from [MASWOSWE, 1985] and calculated curves.
Fig. 9 – Prova edometrica: dati sperimentali [MASWOSWE, 1985] e risposta del modello.
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Fig. 10 – Hydraulic hysteresis during [ROMERO & VAUNAT, 2000] cyclic test.
Fig. 10 – Isteresi idraulica nel test ciclico di [ROMERO & VAUNAT, 2000].

Fig. 11 – Cyclic test: experimental data from [ROMERO & VAUNAT, 2000] and calculated curves.
Fig. 11 – Prova ciclica: dati sperimentali [ROMERO & VAUNAT, 2000] e risposta del modello.
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Tab. II – PZ model parameters for the [MASWOSWE, 1985] test.
Tab. II – Parametri del modello PZ per il test di [MASWOSWE, 1985].
K (kPa)

G (kPa)

M

α

H0

ζMAX (kPa)

γ

b

25669.

11847.

1.2

1

28.73

450.

5

4.3

Tab. III – PZ model parameters for the [ROMERO & VAUNAT,
2000] cyclic test.
Tab. III – Parametri del modello PZ per il test ciclico di [ROMERO
& VAUNAT, 2000].
K (kPa)

H0

ζMAX (kPa)

γ

b

30000.

42.39

210

5

5

The constitutive relation can be rewritten as
(33)
The memory or overconsolidation factor HDM is
modified to account for the double mechanism of
hardening induced by both the internal state variable X and plastic strain:
(34)
The function J has to fulfil the condition J(X)=1
when X=0.
The hardening modulus HX can be estimated
from an isotropic path and postulating that shrinkage of the yield criterion produced by a change in
the value of X depends on the current isotropic
stress and on a constitutive parameter aX. To generalize HX to other condition path it can be multiplied
by the function Hf and to take into account over consolidation it can be multiply by HDM. These considerations would result in the following expression for
HX:
HX=H0 p’’·aX·Hf·HDM

(35)

6. Conclusions
This paper has addressed the problem of modelling catastrophic landslides triggered by earthquakes in volcanic soils, such as those occurred in El
Salvador, where extensive destruction appended as
consequence of the 2001 earthquakes.
The main ingredients of the analysis are:
(i) mathematical modelling describing the coupling between soil skeleton and pore fluids (water and air)
(ii) numerical modelling discretizing the PDE’s
obtained from the mathematical model
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(iii) constitutive modelling able to reproduce the
main features of soil under earthquake loading
This paper concentrates on this last aspect of
the analysis. Some hierarchical extensions of the
Pastor-Zienkiewicz generalized plasticity model,
which can be applied to collapsible and non saturated materials, have been presented. The proposed models can be switched on or off depending
on the problem to be solved. Indeed, under saturated conditions, and once debonding has fully
taken place, the model reduces to the initial PZ
model.
The main advantage of using generalised plasticity theory is that it gives a simple yet efficient
framework within which it is possible to reproduce
not only monotonic stress paths but also cyclic behaviour.
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Modellazione del danneggiamento in
Plasticità Generalizzata
Sommario
L’articolo descrive un’estensione del modello proposto da
[PASTOR et al., 1990] (Platicità Generalizzata) per riprodurre il
“danneggiamento” di geo-materiali. Un primo semplice
adattamento permette di riprodurre il comportamento meccanico
di rocce tenere e terreni cementati. In questo caso, il
danneggiamento dei legami di cementazione viene legato
all’insorgere di deformazioni plastiche, e influenza a sua volta il
modulo plastico. Quando il degrado è completo, il modello coincide
con quello originario. Tramite una estensione di tipo gerarchico
del legame sforzi-deformazioni è inoltre possibile modellare il
comportamento di materiali parzialmente saturi, in particolare
introducendo un secondo meccanismo di plasticizzazione. L’isteresi
idraulica viene riprodotta a partire dal meccanismo di
immagazzinamento dell’acqua. Di nuovo, se il materiale è saturo
il modello coincide con quello originario, e la transizione avviene
automaticamente e con continuità. Anche il danneggiamento
prodotto da sollecitazioni termiche o chimiche può essere riprodotto
seguendo schemi analoghi, sempre tenendo conto del fatto che il
vantaggio principale che si ha operando nel quadro della
Plasticità Generalizzata è costituito dall’attitudine a riprodurre gli
effetti di “carichi” (intesi in senso lato) e fenomeni ciclici.
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