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The high strain rate, plastic deformation of multilayer films is analyzed in relation to the
tensile properties of the components. The multilayers combine ethylene-vinyl acetate (EVA)
blend surface-layers with an ethylene-vinyl alcohol (EVOH) core-layer; the volume of the
EVOH layer is varied from 1% to 20%. Individually, the components exhibit markedly
different tensile behavior in terms of yielding and ductility in the temperature range from
55◦C to 95◦C. The EVA blend deforms homogeneously whereas EVOH forms a neck at an
extension rate of 10,000%/min. It is shown that the true stress-strain relationship of the
components in the plastic region can be described with two parameters, the true yield
stress and the strain hardening parameter. Multilayers deform homogeneously, as does the
EVA blend. A simple rule of mixtures approach is used to describe the plastic behavior of
the multilayers as a function of temperature, composition and moisture, and to predict
whether or not deformation will be uniform. C© 2002 Kluwer Academic Publishers

1. Introduction
Ethylene-vinyl alcohol copolymer (EVOH) is widely
used in high barrier food packages. Packages in which
EVOH provides the oxygen barrier are invariably mul-
tilayer since EVOH alone does not offer the proper-
ties required to make a good monolayer structure. The
most significant concern is the sensitivity of the bar-
rier properties to moisture. For this reason, EVOH is
multilayered with hydrophobic polyolefins and olefin
copolymers [1, 2]. Other advantages to multilayering
EVOH with polyolefins include improved processabil-
ity and heat sealability.

Packaging films are typically drawn at high strain
rates. Under these conditions, predictive approaches
based only on the properties of the component poly-
mers may not be adequate. A simple rule of mixtures
may not apply, especially for describing high strain and
failure characteristics, and the film may exhibit mu-
tual reinforcement or alternatively “mutual destruction”
[3, 4].

In the present study, the relationship between the me-
chanical properties of a threelayer film and the compo-
nent polymers is examined. The multilayer film consists
of an ethylene-vinyl alcohol copolymer (EVOH) as the
center layer with outer layers of an ethylene-vinyl ac-
etate copolymer (EVA) blend. Plastic deformation at
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high strain rates is of particular concern. A mathemat-
ical model that can be used to predict the deformation
characteristics of the multilayer film under relevant pro-
cess conditions is sought.

2. Experimental
2.1. Materials
A blend of two ethylene-vinyl acetate copolymers and
an LLDPE (EVA blend) was used in this investiga-
tion. The blend composition was 80% weight of an
ethylene-vinyl acetate copolymer (EVA) having 9%
mole of vinyl acetate and a melt flow index of 0.3 g/min
at 190◦C; 10% weight of an EVA characterized by a
vinyl acetate molar content of 10% and a melt flow
index of 2.2 g/min at 190◦C; and 10% weight of a
polyethylene (Attane 4201) having a nominal density
of 0.910 g/cm3 and a melt flow index of 1.0 g/min at
190◦C. The EVA blend exhibited a melting point of
96◦C and had a crystal weight fraction of 23%, based
on polyethylene with �H o

f = 293 J/g.
The ethylene-vinyl alcohol copolymer (EVOH) had

an ethylene molar content of 38% and a melt flow in-
dex of 1.6 g/min at 210◦C. Its melting temperature was
176◦C and it had a crystalline content of 65 wt%, based
on the �H o

f of poly(vinyl alcohol), 117 J/g [5].
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T ABL E I Volume and layer thickness of EVOH in the multilayers

Volume of EVOH Thickness of EVOH
in the multilayer (%) layer (µm)

1 5
4 20
6 30
8 40
10 50
15 75
20 100

Three layer coextruded films were approximately
0.5 mm thick with EVA blend surface layers and EVOH
core layer. Different volume fractions of EVOH were
coextruded and are presented in Table I. The reported
compositions were determined from the extruder feed
ratios.

2.2. Techniques
2.2.1. Dynamic mechanical thermal analysis
Viscoelastic measurements were performed in the ten-
sile mode on a Polymer Laboratories DMTA Mark II
instrument. Specimens were about 4 mm wide, 0.5 mm
thick and had a gauge length of 15 mm. The DMTA
measurements were performed at 1Hz with a heating
rate of 4◦C/min over the temperature range from −40◦C
to 140◦C.

The water content of EVOH specimens was varied
by conditioning specimens for 14 days at room tem-
perature at various relative humidities. Constant rel-
ative humidity was obtained with aqueous saturated
salt solutions. The salts used were magnesium chlo-
ride (34% RH), magnesium nitrate (54% RH), sodium
chloride (73% RH), and potassium chloride (86% RH).
Dry specimens were obtained by conditioning at room
temperature in vacuum for 3 days. The water content
was determined by comparing the weight of the con-
ditioned specimen with the dry weight. The ambient
laboratory condition corresponded to 54% RH.

2.2.2. Mechanical tensile behavior
Uniaxial tensile experiments were performed in an In-
stron 8500 hydraulic testing machine equipped with
an environmental chamber. Test specimens 50.8 mm
wide and 25.4 mm long were tested with a extension
rate of 2540 mm/min at temperatures from 55◦C to
95◦C. The effect of strain rate on the tensile behavior
was studied with extension rates from 0.254 mm/min
to 254 mm/min. Engineering stress-strain curves were
determined from load-displacement data based on the
initial specimen geometry.

If the deformation was homogeneous, constant
volume during deformation was assumed and the true
strain, εtrue, and the true stress, σtrue, were calculated by

εtrue = ln(1 + εeng) (1)

σtrue = σeng(1 + εeng) (2)

where εeng and σeng are the engineering strain and
the engineering stress, respectively. If the deformation

was heterogeneous, i.e., a neck formed and propagated
along the specimen axis, the true stress-strain behav-
ior was determined by measuring the local strain in the
neck. A 200 Å layer of gold was deposited through an
electroformed mesh with 40 wires per inch to obtain a
square grid pattern on the gauge portion of the specimen
[6]. The image of the grid was recorded continuously
during the experiment with a CCD 72 MTI video cam-
era. Assuming constant volume, the true stress and the
true strain were calculated by

εtrue = ln(1 + εl) (3)

σtrue = σeng(1 + εl) (4)

where εl is the longitudinal strain of the single mesh
length in the neck region. The mesh was monitored
along the central axis so that effects of triaxiality in the
neck could be neglected [7].

3. Results and discussion
3.1. Ethylene-vinyl acetate (EVA) blend
The EVA blend shows one loss process in the temper-
ature range examined, Fig. 1. This broad β dispersion,
from −20◦C to 20◦C, is associated with the cooperative
motions of the glass transition [5]. A gradual decrease
in the storage modulus of about 2 orders of magnitude
accompanies the β dispersion.

The mechanical behavior of the EVA blend was stud-
ied from 55◦C to 95◦C, the temperature range between
the glass transition and the melting point. In this tem-
perature range, the EVA blend deforms homogeneously
as indicated by the continuous increase of engineering
stress with strain, Fig. 2a. Increasing the temperature
decreases the elastic modulus, the post-yield stress level

Figure 1 Dynamic mechanical response of the EVA blend.
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Figure 2 Mechanical behavior of the EVA blend deformed at
2540 mm/min (10,000%/min). (a) Engineering stress-strain curves;
(b) true stress-strain curves.

and the fracture strain. Stress-strain curves of vacuum
dried specimens were the same as the curves in Fig. 2a,
indicating that under ambient conditions of RH, the
EVA blend does not sorb sufficient moisture to signifi-
cantly affect the mechanical properties. The true stress-
strain behavior was calculated using Equations 1 and 2
and is illustrated in Fig. 2b. Hardening of the material
occurs during plastic deformation, as indicated by the
gradual increase of true stress with true strain.

To evaluate the yield stress and the strain hardening
parameter of the EVA blend, a model for true stress-
strain behavior is required. An empirical constitutive
equation of the form

σ (ε, ε̇) = K exp

(
γ

2
ε

)
(ε̇)m (5)

where K is a constant, γ is the strain hardening pa-
rameter with a functional dependence γ = γoε, and m
is the strain rate sensitivity, assumed to be strain inde-
pendent, satisfactorily describes plastic flow of many
ductile polymers [8]. If the strain hardening parameter,
γ , is strain independent, an alternative expression for
the true stress-strain relationship is [9].

σ (ε, ε̇) = σo(ε̇) exp(γ ε) (6)

where σo is the true yield stress.
According to Equation 6, a plot of ln true stress versus

true strain should be linear in the plastic region. Fig. 3a
shows true stress-strain data for EVA blend at various

TABLE I I True yield stress, σo, and strain hardening parameter, γ ,
of EVA blend

Temperature (◦C) σo (MPa) γ

55 4.71 1.41
70 3.87 1.36
85 2.20 1.49
95 1.31 1.42

Figure 3 Modeling the true stress-strain curves of the EVA blend de-
formed at 2540 mm/min (10,000%/min). (a) Ln true stress versus true
strain, the 95% confidence range is included with the linear regression;
and (b) comparison between experimental data and calculated curves.

temperatures plotted in this manner. The relationship is
reasonably linear above a true strain of about 0.4. The
intercept and the slope of the linear regression corre-
spond to the true yield stress and the strain hardening
parameter, respectively. These values are summarized
in Table II. The decrease of the yield stress with tem-
perature reflects the thermally activated nature of yield-
ing. No simple trend is seen for the strain hardening
parameter. Fig. 3b compares the experimental true
stress-strain data with the calculated curves using σo
and γ values in Table II. The calculated curves fit the
experimental data reasonably well over the range of
strains from 0.4 to 1.6. It is clear that Equation 6 de-
scribes only the plastic flow behavior of the material,
and not the initial low strain region.

3.2. Ethylene-vinyl alcohol
copolymer (EVOH)

The dynamic mechanical results for a series of EVOH
specimens equilibrated at different RH are presented in
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Figure 4 Effect of moisture on the dynamic mechanical response of
EVOH.

Fig. 4. This material shows three molecular relaxation
processes. The α relaxation at about 120◦C is attributed
to molecular motions in the crystalline phase. The β re-
laxation, which appears at 70◦C for dry EVOH, corre-
sponds to the glass transition. A modulus drop of about
an order of magnitude accompanies the β process. The
γ relaxation, at about −20◦C, is ascribed to large scale
molecular motions of non-hydrogen-bonded chains se-
quences [10]. It will well known that moisture strongly
affects the dynamic mechanical behavior of polymers
that can hydrogen-bond with water [11, 12]. As the rel-
ative humidity increases, the EVOH β process shifts to
lower temperatures. This shift is more apparent in the
storage modulus than in tan(δ) because of overlap of
the α and β tan(δ) peaks.

Fig. 5a summarizes the relationship between relative
humidity and water content. Up to 73% RH, the water
content gradually increases to about 1%. Between 73%
and 86% RH, there is a large increase to about 3%. The
linear dependence of the glass transition temperature
on water content is illustrated in Fig. 5b. These results
show that water acts as a plasticizer for the amorphous
phase of EVOH.

The mechanical behavior of EVOH was analyzed in
the temperature range that spans the β transition region,
55◦C to 95◦C. The engineering stress-strain curves for
EVOH in Fig. 6 reveal markedly different tensile be-
havior in terms of yielding and ductility compared to
the EVA blend. At all the temperatures, EVOH forms
a neck, as indicated by the yield drop. The stress levels
are also higher, up to 52 MPa at 55◦C. Also in contrast
to the EVA blend, the elongation to break increases with
the temperature. At 55◦C, below the glass transition, a
stable neck does not form and fracture occurs just after

Figure 5 Effect of moisture on EVOH. (a) The sorption isotherm at 23◦C;
and (b) the effect of moisture content on the glass transition (β transition).

Figure 6 Engineering stress-strain curves of EVOH conditioned at
0% RH and ambient RH (54%), and deformed at 2540 mm/min
(10,000%/min).

yielding. At higher temperatures the neck is stable, cold
drawing is observed and no fracture is observed up to
400%. An effect of moisture on the tensile behavior of
EVOH is observed at 55◦C and 70◦C. Plasticization by
water decreases the yield stress and increases the elon-
gation to break as reported previously in the literature
for certain EVOH blends [13].

Neck formation involves an accelerated and localized
decrease of the cross-sectional area. An important con-
sequence of necking is the development of true strain
rate gradients in the tensile specimen [6, 7]. Before plas-
tic instability, the deformation is uniformly distributed
and the true strain is constant along the specimen length.
During formation of the plastic instability, the neck
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Figure 7 Mechanical behavior of EVOH conditioned at ambient RH
(54%) and deformed at 70◦C. (a) Engineering stress-strain curves at var-
ious extension rates; and (b) the corresponding true stress-strain curves.

region is submitted to a higher true strain rate than
the rest of the specimen. If a constant extension rate
is used, the true strain rate in the neck region is higher
than it would be if the specimen deformed uniformly.
This means that EVOH was plastically deformed at a
higher strain rate than the EVA blend even though the
extension rate was the same.

To determine the true yield stress and the strain hard-
ening parameter of EVOH at the same true strain rate
as the EVA blend, it was necessary to examine the ef-
fect of strain rate on these parameters. This was done
with extension rate lower than 2540 mm/min, the one
used to deform EVA blend. The effect of extension rate
on the tensile response of EVOH at 70◦C is illustrated
in Fig. 7a. The deformation mode changes from het-
erogeneous to homogeneous as the extension rate de-
creases. The transition occurs between 25.4 mm/min
and 2.54 mm/min. The true stress-strain behavior was
determined by measuring the local strain during neck

T ABL E I I I True yield stress, σo, and strain hardening parameter, γ , for EVOH at 0% and 54% RH at various extension rates and temperatures

True yield stress (MPa) Strain hardening parameter

Extension rate (%/min) [mm/min] Extension rate (%/min) [mm/min]

T (◦C) % RH 1 [0.254] 10 [2.54] 100 [25.4] 1000 [254] 1 [0.254] 10 [2.54] 100 [25.4] 1000 [254]

55 54a 18.36 22.31 29.40 – 1.11 1.11 0.89 –
70 54 14.49 15.18 16.44 18.54 1.05 1.06 0.95 0.86
70 0 13.93 16.23 19.98 25.06 1.05 1.07 0.92 0.78
85 54 10.58 11.45 12.04 13.56 1.05 1.05 1.03 0.93
95 54 7.31 8.00 9.30 11.36 1.08 1.08 1.05 0.91

aAmbient RH.

Figure 8 True strain as a function of time for EVOH conditioned
at ambient RH (54%) and deformed at 70◦C.

formation and applying Equations 3 and 4. Equation 6
described the true stress-strain relationship of EVOH
over the range of strains from 0.4 to 1.6, Fig. 7b. Values
obtained for the true yield stress and the strain harden-
ing parameter at various strain rates and temperatures
are summarized in Table III. As expected, σo decreases
with increasing temperature and with decreasing strain
rate. The strain hardening parameter is essentially in-
dependent of temperature but decreases at higher strain
rate due to local heating, an effect that is more ap-
parent at the lower temperatures. An increase in the
strain hardening parameter with moisture, suggested in
Table III, was confirmed by stretching a specimen of
EVOH conditioned at 86% relative humidity at 70◦C at
254 mm/min. The strain hardening parameter increased
from 0.78 (0% RH) to 0.86 (54% RH) to 1.15 (86% RH).

The true strain rate was estimated by constructing
a plot of true strain versus time. If deformation was
homogeneous, the time was obtained from the exten-
sion rate, and the true strain rate was taken as the slope
in the strain range of plastic deformation, 0.4 to 1.6
(Fig. 8). When a neck formed, the time was obtained
directly from the video recording, and the true strain
rate was taken as the highest slope of the true strain
versus time curve. The true yield stress and the strain
hardening parameter as a function of strain rate are
presented in Figs 9 and 10, respectively. The true strain
rate of the EVA blend deformed at an extension rate of
2540 mm/min was estimated at 0.6 s−1 by this method.
The true yield stress of EVOH deformed at the same
true strain rate (0.6 s−1) was determined by extrapola-
tion, assuming that ln true yield stress was linearly de-
pendent on ln strain rate. Similarly, a linear regression
of the data in Fig. 10 was used to determine the strain
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T ABL E IV True yield stress, σo and strain hardening parameter,
γ , of EVOH deformed at 0.6 s−1

Temperature (◦C) % RH σo (MPa) γ

55 54a 35.00 0.79
70 54 18.21 0.87
70 0 24.55 0.81
85 54 13.41 0.95
95 54 11.15 0.93

aAmbient RH.

Figure 9 Effect of the true strain rate on the yield stress of EVOH.

hardening parameter at 0.6 s−1. Table IV summarizes
the parameters for EVOH deformed at 0.6 s−1 at various
temperatures. Compared to the EVA blend, EVOH has
a higher true yield stress and a lower strain hardening
parameter at this true strain rate (see Table II).

The transition from homogeneous deformation to
neck formation as the strain rate increases can be ex-
plained by considering the general criterion developed
by Hart [14]. It is based on the strain hardening para-
meter (γ ), and the strain rate sensitivity (m), of the
material and has the form

γ + m − 1 ≥ 0 (7)

Figure 10 Effect of the true strain rate on the strain hardening parameter of EVOH.

TABLE V Strain rate sensitivity, m, for EVOH at 0% and 54% RH at
various temperatures

Temperature (◦C) % RH m

55 54a 0.07
70 54 0.03
70 0 0.06
85 54 0.03
95 54 0.04

aAmbient RH.

where the strain hardening parameter is defined as

γ ≡
(

∂ ln σ

∂ε

)
ε̇

and the strain rate sensitivity as

m ≡
(

∂ ln σ

∂ ln ε̇

)
ε

A positive value of (γ + m − 1) denotes a stable defor-
mation state and equality is the condition for the transi-
tion from a stable to an unstable state. For EVOH, the
strain rate sensitivity at the yield point was estimated as
the slope of the ln true yield stress versus ln true strain
rate plot (Fig. 9). The strain rate sensitivity obtained
for EVOH (Table V) is on the same order of magni-
tude as for other polymers [8] and is 10 times less than
the strain hardening parameter. Therefore, according to
Equation 7,γ determines whether the material will neck
or deform uniformly. The change in the strain hardening
parameter from a value greater than 1 at 2.54 mm/min
to a value less than 1 at 25.4 mm/min coincides with
the observed transition from homogeneous to hetero-
geneous deformation.

The decrease in the strain hardening of EVOH with
increasing extension rate (see Table III), and the conse-
quent transition from homogeneous to heterogeneous
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deformation, may occur because isothermal conditions
are not maintained at high strain rates [15, 16]. Adi-
abatic heating at higher strain rates may also affect
the EVA blend where the strain hardening parameter
decreases from 1.47 to 1.41 when the strain rate in-
creases from 2.54 mm/min to 2540 mm/min. In con-
trast to EVOH, the strain hardening parameter for EVA
blend remains above the critical value of 1 so that de-
formation is homogeneous over the entire strain rate
range.

3.3. EVA blend/EVOH/EVA blend multilayers
Fig. 11 shows the DMTA spectra of the EVA
blend/EVOH/EVA blend multilayer containing 20% of
EVOH conditioned at ambient RH (54%) and 0% RH.
Two major peaks were observed in the loss tangent
curves. The peak in the 40◦C–80◦C range corresponds
to the β relaxation of EVOH and the broad peak at lower
temperatures results primarily from the glass transition
of the EVA blend. The β relaxation of EVOH in the
multilayer conditioned at ambient RH is 12◦C lower
than the β in the dry state. Comparison with the dy-
namic mechanical analysis of EVOH (Fig. 4) indicates
that ambient conditions correspond to 54% RH.

Tensile behavior of the multilayers depends on the
composition and water content, as is seen in Fig. 12.
The stress level increases with the volume fraction of
EVOH and decreases with moisture. The decrease of
stress with moisture is more pronounced as the EVOH
content increases.

Fig. 13a presents the effect of temperature on the
engineering stress-strain curve of the 20% EVOH
multilayer conditioned at ambient RH. In the tem-

Figure 11 Effect of moisture on the dynamic mechanical response of
the multilayer containing 20% EVOH.

Figure 12 Engineering stress-strain curves of multilayers at 70◦C at
2540 mm/min (10,000%/min). The vol% EVOH is indicated. The effect
of moisture is illustrated for multilayers containing 4% and 20% EVOH.

Figure 13 Mechanical behavior of the multilayer containing 20%
EVOH conditioned at ambient RH (54%) and deformed at 2540 mm/min
(10,000%/min). (a) Engineering stress-strain curves; and (b) true stress-
strain curves.

perature range examined, the multilayer deforms
homogeneously, like the EVA blend. None of the spec-
imens had fractured when the experiments were halted
at 400% strain. The true stress-strain response was cal-
culated using Equations 1 and 2 and is illustrated for
20% EVOH multilayer in Fig. 13b.

The plot of ln true stress versus true strain is linear
above a true strain of 0.4, as is shown in Fig. 14a.
Table VI summarizes the parameters obtained for the
20% EVOH multilayer. The values obtained for the true
yield stress and the strain hardening parameter are in-
termediate between those of the individual components
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T ABL E VI True yield stress, σo, and strain hardening parameter,
γ , of the multilayer containing 20% of EVOH

Temperature (◦C) σo (MPa) γ

55 10.98 1.06
70 6.87 1.12
85 4.16 1.18
95 3.32 1.09

Figure 14 Modeling the true stress-strain curves of the multilayer con-
taining 20% EVOH conditioned at ambient RH (54%) and deformed at
2540 mm/min (10,000%/min). (a) Ln true stress versus true strain; and
(b) comparison between experimental data and calculated curves.

(see Tables II and IV). Comparison of the experimen-
tal data with the calculated curves in Fig. 14b shows
that Equation 6 gives a good description of the plastic
behavior of the multilayers.

The true yield stress and the strain hardening param-
eter of the various multilayers are plotted as a function
of EVOH volume fraction in Figs 15 and 16. As the
EVOH content increases, the true yield stress increases
whereas the strain hardening parameter decreases. Both
σo and γ are moisture dependent, Fig. 17. The yield
stress decreases and the strain hardening parameter in-
creases with the water content.

Qualitatively σo and γ of the multilayers follow
trends that would be expected based on the behavior
of the components. The simplest approach to recon-
structing the plastic behavior of the multilayers from
the characteristics of the components is to assume a
rule of mixtures. The layers in the multilayer structure
are considered in parallel. This assumes that the strain
and the strain rate are the same in each layer, and the
true stress on the multilayer, σM, has the form

σM = ασEVOH + (1 − α)σEVA (8)

Figure 15 The true yield stress of multilayers conditioned at ambient
RH as a function of EVOH content. Symbol represent the experimental
data and solid line are calculated according to the rule of mixtures.

where α is the EVOH volume fraction, σEVOH and σEVA
are the true stresses carried by the EVOH core-layer and
the EVA blend surface-layers, respectively. By com-
bining Equation 8 and Equation 6, the true stress-strain
relationship of the multilayer is

σoM exp(γMε) = ασoEVOH exp(γEVOHε)

+ (1 − α)σoEVA exp(γEVAε) (9)

where σoM, σoEVOH and σoEVA are the true yield stresses
of the multilayer, the EVOH layer and the EVA blend
layers, respectively; γM, γEVOH and γEVA are the strain
hardening parameters of the multilayer, the EVOH layer
and the EVA blend layers, respectively. From Equa-
tion 9, it is possible to describe the true yield stress,
σoM, and the strain hardening, γM, as a function of the
parameters of the components:

σoM = ασoEVOH + (1 − α)σoEVA (10)

and

γM(ε) = ∂ ln σM

∂ε
=

∂ ln[ασoEVOH exp(γEVOHε) + (1 − α)σoEVA exp(γEVAε)]

∂ε

(11)

The parameters σoM and γM were calculated for a true
strain rate of 0.6 s−1 by using the parameters of the
components in Tables II and IV. The temperature, com-
position, and moisture dependencies of σo and γ ob-
tained by this calculation are included in Fig. 15 to
Fig. 17 as the solid lines. The good correlation between
the measurements and calculations shows that the rule
of mixtures can be used to obtain the plastic behavior
of the multilayers. Good adhesion between EVOH and
EVA blend layers ensures that they deform at the same
true strain rate in the multilayer. At 0.6 s−1, EVOH with-
out the EVA layers would neck because γ is lower than
unity (Table IV). Whether deformation of the multi-
layers is homogeneous or heterogeneous is determined
by the composite strain hardening parameter in accor-
dance with Equation 7. As long as EVA controls the
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Figure 16 The strain hardening parameter of multilayers conditioned at ambient RH as a function of EVOH content. Symbols represent the experimental
data and solid lines are calculated according to the rule of mixtures.

Figure 17 Effect of moisture on the mechanical parameters of EVOH
deformed at 70◦C. (a) The true yield stress; and (b) the strain hardening
parameter. Symbols represent the experimental data and solid lines are
calculated according to the rule of mixtures.

deformation, the multilayer will deform uniformly at
high strain rates. For all the compositions examined,
this was the case: γM was greater than unity and defor-
mation was uniform. It is possible to predict conditions
at which the transition from homogeneous deformation
to neck formation will occur. For example, at 55◦C and
ambient RH, it is anticipated that microlayers contain-
ing more than 30% EVOH will form a neck.

4. Conclusion
This investigation of the plastic deformation of EVA
blend/EVOH/EVA blend multilayers at high strain rates
leads to the following conclusions:

1. Individually, the components exhibit very differ-
ent deformation characteristics at the temperatures and
strain rates studied. The EVA blend deforms uniformly
in contrast to the EVOH which necks at high strain
rates.

2. Plastic deformation of the components and the
multilayers is satisfactorily described by a true stress-
strain relationship with two parameters, the true yield
stress and the strain hardening parameter. Moisture acts
as a plasticizer for EVOH, and causes the yield stress to
decrease and the strain hardening parameter to increase.

3. The composite true yield stress and strain harde-
ning parameter obtained by a simple rule of mixtures
approach make it possible to calculate the plastic true
stress-strain behavior of the multilayer as a function of
temperature and composition, and to predict whether
or not deformation will be uniform.
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