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Abstract. The viscoelastic nature of the Poisson’s ratio of a semicrystalline poly (butylene terephthalate) is highlighted by
investigating its dependence on time, temperature and strain rate, under two types of loading conditions: i) constant deformation rate tests, in which the transverse strain is measured in tensile ramps at various temperatures and at two strain rates;
and ii) constant deformation tests, in which, under a constant axial deformation, the transverse strain is measured as a function of time in isothermal experiments performed at various temperatures. In both testing configurations, axial and transverse deformations are measured by means of a biaxial contact extensometer, and a correction procedure is adopted in order
to compensate the lateral penetration of the extensometer knives. Poisson’s ratio displays the typical features of a retardation function, increasing with time and temperature, and decreasing with strain rate. This behaviour has been compared to
that of simultaneously measured relaxation modulus.
Keywords: material testing, mechanical properties, viscoelasticity, Poisson’s ratio

1. Introduction

In the infinitesimal deformation of an idealized
purely elastic material, Poisson’s ratio is a material
constant, defined for an uniaxial stress state as the
negative ratio between the deformation normal to
the loading axis and the axial imposed strain.
For viscoelastic solids, as in the case of polymers,
the lateral contraction coupled to the infinitesimal
axial extension exhibits a time and temperature
dependent behaviour. The Poisson’s ratio of viscoelastic materials cannot thus be regarded as a
constant parameter, but as a time-dependent material function, deserving a proper description that
encompasses the dependence on time, or equivalently on frequency and strain rate, on temperature
and on materials mechanical history.
*Corresponding
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Poisson’s ratio of polymeric materials can thus be
thought in the framework of linear viscoelasticity as
one of the various viscoelastic response functions,
but its determination can involve more complexity
[1–3]. In fact, relaxation moduli and creep compliances are usually determined in conditions that
allow an easy description of a time dependent correlation between stress and strain (i.e. stress relaxation tests, in which the axial strain is kept constant,
and creep tests, in which the stress is constant). On
the other hand, in the case of Poisson’s ratio, a time
dependent correlation has to be established between
two strains and a stress generating one of them. As
it was underlined by theoretical studies [1, 3–4],
when investigating Poisson’s ratio time dependence, it is of primary importance to provide a proper
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definition of Poisson’s ratio as a viscoelastic function and a clear indication of its evaluation conditions. The importance of this aspect is often neglected [1], although the obtained results are shown
to depend on testing conditions [3].
In spite of the time dependent behaviour of polymers, and due to considerable experimental difficulties, Poisson’s ratio of polymeric materials is
often assumed as a constant, or, occasionally,
defined for values corresponding to glassy and rubbery equilibrium conditions. In both cases its viscoelastic nature is completely neglected [1]. Nevertheless, it was shown that only in few cases the
assumption of a constant Poisson’s ratio can be reasonably considered valid [2, 4], and that neglecting
its time and temperature dependence may lead to
predicting models markedly deviating from the
experimental observations [5–7]. More detailed
information on the viscoelastic behaviour of Poisson’s ratio is therefore important not only in principle [8–10], but also for practical reasons. In fact, it
would allow us to interconvert material functions
[1], to refine computational methods [2], to reduce
the number of required experimental parameters to
fit analytical models [8], to better estimate the
effects of the so called Poisson’s strains, originating from misfits in Poisson’s ratio of joined materials [1].
So far, only few trials have been attempted to comprehensively measure and describe the viscoelastic
nature of Poisson’s ratio. In a review article,
Tschoegl et al. [1] summarize the main results concerning the measurement and the prediction of viscoelastic Poisson’s ratio, and also give a critical
perspective on the problems regarding its determination.
A viscoelastic Poisson’s ratio can be experimentally
evaluated following two procedures; a so called
‘direct’ measurement, which involves the measurement of the transverse and axial deformations of the
tested specimen; and a so called ‘indirect’ measurement, where, on the basis of the linear viscoelasticity, Poisson’s ratio is calculated from the measurement of two other material’s time dependent parameters. This latter approach has been proven to be a
difficult path, since requiring a very accurate and
precise knowledge of the time dependence of the
starting functions [11].

Direct measurements of Poisson’s ratio has been
carried out on polymeric materials by different
types of experiments, in which the axial deformation
was applied through a constant rate loading ramp
[12–15], under a constant load (creep) [13, 16–17],
under constant strain (stress relaxation) [10, 14, 18],
or under sinusoidal loading-unloading (dynamicmechanical analysis) [19–21]. An accurate measurement of the transverse strains is of crucial importance and various techniques have been employed,
such as optical methods (i.e. Moirè interferometry
[10, 17–18] and video extensometry [13, 16]), bonded
strain gages [19–20] and biaxial contact extensometers [14–15, 21].
Poisson’s ratio of polymeric materials is generally
reported as increasing with time (Lu et al. on poly
(methylmethacrylate) (PMMA) [10], di Landro and
Pegoraro on poly (etherimide) (PEI) [18]), temperature (Tcharkhtchi on epoxy resins [15]), and strain
(Steinberger et al. on polypropylene (PP) [13]; Litt
and Torp on polycarbonate (PC) [22]). In a work on
epoxy resins we have also reported Poisson’s ratio
as increasing with time, temperature and strain, and
decreasing with strain rate [14]. Moreover, a decreasing trend has been reported for the complex Poisson’s ratio with frequency under dynamic conditions (Kästner and Pohl on PMMA [23]; Caracciolo
and coworkers on poly(vinylchloride) (PVC) [19–
20]; Arzoumanidis and Liechti on a neat urethane
adhesive (Ashland) [21]; Pritz, by indirect methodology, on rubbery materials and PMMA [24]).
The results are consistent to what predicted by analytical approaches, which describe the viscoelastic
Poisson’s ratio following an increasing trend with
time [2, 4, 8], featuring the typical trend of a retardation process that can be approached as a transverse
creep compliance [25]. Nevertheless, in his studies
on auxeticity, Lakes depicts a vaster framework and
suggests that for structured materials a monotonic
dependence of Poisson’s ratio cannot be assumed a
priori [26].
In the present paper, an experimental investigation
of the viscoelastic features of the Poisson’s ratio of
a semicrystalline material, poly (butylene terephthalate), PBT, is attempted under constant strain
rate and constant strain conditions. The measurements are carried out by means of a biaxial contact
extensometer and a procedure is proposed in order
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to minimize the effects of the extensometer on the
measured transverse strains. Aim of the work is to
provide a description of the effects of time, strain
rate and temperature on the viscoelastic Poisson’s
ratio.

2. Experimental
2.1. Material and preliminary
characterization

Injection moulded PBT dumb-bell specimens (ISO
527 type 1A; gauge length: 80 mm; cross-section:
4!10 mm) were kindly supplied by Radici Novacips
SpA (Villa d’Ogna, Bergamo, Italy). All specimens
were treated for 3 h at 190°C under vacuum and
slowly cooled in the oven in order to release thermal stresses and uniform the thermal history. In
order to detect possible anisotropic effects on the
mechanical behaviour of the tensile bars, cubic
specimens were machined from the dumb-bell central region and tested under compression along the
x, y and z axes (i.e. through specimen length, width
and thickness, respectively). On an interval of compressive strains ranging up to 0.6 no significant
dependence of the mechanical behaviour on the
loading directions was detected.
Differential scanning calorimetry (DSC) analyses
were carried out by a Mettler DSC-30 calorimeter
(Mettler Toledo, Zürich, Switzerland) at a heating
rate of 10°C/min in a nitrogen flux of about
100 ml/min. Tests were performed on specimens of
about 15 mg machined from the gauge length of the
dumb-bell specimens. From DSC measurements a
glass transition temperature (Tg) of 47°C, a melting
point (Tm) of 220°C and a crystallinity content (Xc)
of 38% were determined. The cristallinity percentage was assessed by integrating the normalized area
under the melting endothermal peak and rating the
heat involved to the reference value of 100% crystalline polymer, corresponding to 145 J/g [27].
Dynamic mechanical thermal analysis (DMTA)
experiments were performed by means of an MkII
Polymer Laboratories DMTA testing-machine. Tests
were carried out under bending mode on rectangular bars (12!5!2 mm) machined from the gauge
length of a dumb-bell specimen at the test frequencies of 0.3, 1, 3, 10, 30 Hz.
The region of linear viscoelastic behaviour was evidenced on isochronous stress-strain curves obtained
by stress relaxation tests performed at axial strain

levels in the range from 0.001 to 0.02. Mechanical
tests were performed on PBT dumb-bell specimens
by means of an electromechanical testing machine
(Instron, model 4502, Instron, Norwood, Massachusetts, USA), controlling the level of strain by an
axial extensometer (Instron, model 2640, Instron,
Norwood, Massachusetts, USA). The deformation
was applied at a constant crosshead speed (corresponding to a strain rate of = 0.003 s–1) and then
kept constant for at least 30 min. The tests were performed at 30°C and at 70°C (i.e. below and above
the glass transition temperature) in a thermostatic
chamber (Instron, model 3199, Instron, Norwood,
Massachusetts, USA ), permitting a temperature
control within ±1°C.

2.2. Viscoelastic Poisson’s ratio evaluation
The dependence of Poisson’s ratio on time, temperature and strain rate was experimentally evaluated
under various testing conditions. In particular, as
schematically represented in Figure 1, two different
loading histories were investigated: in constant
deformation rate (CDR) tests the specimen was
subjected to a tensile ramp at a fixed strain rate; in
constant deformation tests (REL) a constant tensile
axial deformation was applied, such as in stress
relaxation tests. In both CDR and REL tests, the
input (axial deformation, "AX) and output (transverse deformation, "TRANS, and stress, #) variables
were simultaneously recorded as a function of time.
The experiments were performed with an Instron
4502 electromechanical testing machine (see above),
operating in displacement control. The tests were
performed in a thermostatic chamber (see above) at
various temperatures between 20 and 100°C.

Figure 1. Schematic representation of input (axial deformation, !AX) and output (stress, "; transverse deformation, !TRANS) variables in a) constant deformation rate (CDR) experiments and b) constant
deformation (REL) experiments
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The axial and transverse deformations were evaluated by means of a biaxial clip-on extensometer
(Instron, model 2620-613, Instron, Norwood, Massachusetts, USA) mounted on the specimen, as represented in Figure 2. The extensometer is a selfstanding clip-on device, weighing about 300 g,
which is symmetrically distributed on the specimen, thanks to the peculiar shape of the device. No
other supports are required to sustain the device,
since visual inspection during the test has never
detected distortion of the specimen at the temperatures explored. In order to assure self-standing and
gripping, the extensometer exerts on the lateral
sides of the specimen a certain force, quantified by
the producer to a nominal value of 22 N [http://
www.instron.com/wa/library/StreamFile.aspx?doc=
290]. This generates a local transverse stress of
about 0.5 MPa, roughly evaluated by dividing the
gripping force over the gauge side cross-section
defined by the specimen thickness multiplied for
the distance between the knives. The value is at
least one order of magnitude lower than the lowest
axial stress measured in constant deformation experiments, and the effect of this transverse stress is
considered to have a minor contribution to the overall stress state with respect to the axial tensile stress,
but leads anyway to a continuous penetration of the
extensometer knives in the specimen (creep penetration). The transverse displacement measured during the tests originates thus both from the material
contraction (ruled by the Poisson’s ratio) and from
the lateral creep exerted by the extensometer. In
order to compensate the data for this undesired

Figure 2. Experimental set-up employed for the Poisson’s
ratio measurement, in adoption of a clip-on biaxial extensometer (Instron mod. 2620) mounted on
a PBT dumb-bell specimen

effect, the amount of creep penetration of the extensometer was evaluated separately on undeformed
specimens as a function of time at various temperatures and then subtracted from the total transverse
displacement recorded.
The longitudinal deformation, !AX, was evaluated
as shown by Equation (1):
eAX 5

DLAX
LAX,0

(1)

where $LAX represents the axial displacement
measured by the extensometer and LAX,0 the longitudinal initial gauge length (12.5 mm).
The transverse deformation, !TRANS, has been measured across the specimen width, and evaluated as
shown by Equation (2):
eTRANS 5

DLTRANS 2 DLPENETRATION
LTRANS,0

(2)

where, for a given time, $LTRANS represents the transverse displacement recorded by the extensometer
and $LPENETRATION the extensometer penetration,
while LTRANS,0 is the specimen initial width.
The transverse deformation was measured across
the width of the specimen, since permitting to deal
with larger transverse displacement signals with
respect to those measured when the transverse deformation measured across the specimen thickness.
This testing geometry helps in minimizing the contribution of dimensional defects of the specimens
and of the imprecision in the compensation for the
transverse extensometer penetration. The Poisson’s
ratios described in this paper always refer to such
testing direction, although, due to the overall material isotropy, it is expected that very similar results
could be obtained if lateral contraction would be
measured through the thickness.
In constant deformation rate (CDR) tests the specimen was subjected to a tensile loading ramp at a
constant strain rate. Aim of the CDR tests is to provide a description of the effects of temperature and
strain rate on the Poisson’s ratio evaluated at short
times and at small axial strains. We will refer to the
values measured under these testing conditions as
Poisson’s ratio, but still bearing in mind the indication of Hilton and Yi [4] and Tschoegl et al. [1],
who prefer the term lateral contraction ratio over
Poisson’s ratio, for the data measured in ramp tests.
The tests were performed at two crosshead speeds,
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corresponding to strain rates of 0.003 and 0.05 s–1,
and at various temperatures, in the range between
–20 and 100°C, while the maximum strain never
exceeded 0.01. The Poisson’s ratio values measured
under these experimental conditions will be labelled
as #CDR, and calculated by Equation (3) as the negative ratio between the slopes of the transversal
deformation and axial deformation curves as function of the applied load, F:

nCDR

deTRANS
dF
5 2
deAX
dF

(3)

on the region of linear proportionality between
stress and strain. The evaluation takes the advantage of the linear dependence of the axial and transverse deformations on the applied load on an adequately large portion of the axial strain values (i.e.
for !AX at least up to 0.03), and is proposed accordingly with standardized procedures for the evaluation of short-time tensile properties of plastics
(ASTM D 638). Further, it has to be remarked that,
when force and the two strains can be described by
functions linearly increasing with time from a zero
value at t = 0, the above formula provides results
coincident with those that can be obtained by applying Equation (4) proposed by Tschoegl et al. [1] for
the evaluation of the lateral contraction ratio in constant rate of strain measurements:
n1t2 5

1
t

#

0

t

nrate 1u 2du

(4)

where #rate can be defined by Equation (5):

nrate

deTRANS
deTRANS
dt
dF
5 2
5 2
deAX
deAX
dt
dF

0.003 s–1, and at various temperatures in the range
between 30 and 60°C. The time dependence of
Poisson’s ratio was assessed by measuring the
changes in the specimen width after the axial deformation was applied and maintained constant. This
type of test follows the typical methodology of a
stress relaxation test, and thus the Poisson’s ratio
measured in these conditions is labelled as #REL,
and evaluated according to Equation (6):
nREL 5 2

eTRANS 1t 2
eAX,REL

(6)

where !TRANS is the time-dependent transverse deformation measured for the applied longitudinal deformation !AX,REL. Since the axial deformation is constant in time, this type of test configuration permits
an easy but rigorous calculation of the viscoelastic
Poisson’s ratio, thus avoiding the otherwise complicated mathematical treatments required for other
deformational histories and involving Laplace transforms between viscoelastic variables [1]. Relaxation modulus was concurrently measured in this
part of the test and will be reported as EREL. The
results were then plotted as a function of tREL =
t – t0, where t represents the test time and t0 the time
at which the constant deformation for the relaxation
experiment is applied.

3. Results and discussion
3.1. Preliminary material characterization

Figure 3 reports the traces of the storage modulus
(E%) and loss factor (tan$) as a function of temperature at various frequencies. The figure shows a
glass transition temperature region between 45 and
70°C, depending on the frequency, as evaluated in

(5)

and, for a given strain rate, it displays a constant
value on the linear stress vs. strain region.
Young’s modulus was also measured under the same
test conditions.
Constant deformation tests (REL) were performed
applying a constant deformation (!AX,REL) for at
least 30 min and measuring the transverse deformation as a function of time. These tests were carried
out for two values of the constant axial strain,
!AX,REL = 0.005 and 0.010, applied at a strain rate of

Figure 3. E% and tan$ traces from the DMTA test performed
on PBT at various frequencies (f = 0.3, 1, 3, 10,
30 Hz)
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Figure 4. E% master curve as a function of reduced frequency
at a reference temperature, T0 = 30°C; insert: shift
factors evaluated by best superposition of isothermal E% vs. frequency curves

correspondence to the region where the storage
modulus traces present an inflection point and the
tan$ traces show their maximum. According to a
time-temperature reduction scheme, isothermal E%
vs. frequency curves enabled us to build a storage
modulus master curve, represented in Figure 4 for a
reference temperature T0 = 30°C. The logarithm of
the shift factors, aTT0, adopted for the master curve
construction are presented as an insert in Figure 4,
as a function of 1000/T, where T is the absolute
temperature. The master curve indicates that the
transition zone of the storage modulus spans over a
frequency range of 7–8 decades, ranging i.e. from
about 10–15 Hz up to about 10–8 Hz at this reference
temperature.
The extent of the linear viscoelastic region was
assessed on isochronous stress-strain curves obtained
from stress relaxation tests performed at 30 and at

70°C, i.e. below and above the glass transition temperature. The isochronous curves for these two temperatures are reported at various instants in Figure 5a and b, respectively. Independently from
time, the curves at 30°C show a linear trend for
axial deformations up to 0.01, whereas at higher
deformations an evident deviation from linearity
can be detected. On the other hand, a clear threshold value for the linear viscoelastic behaviour is
more difficult to be identified in the experiments
performed at 70°C. Anyway, the results seem to
indicate that at this temperature the linear viscoelastic region extends up to an axial strain level between
0.005 and 0.01. In consideration of these results the
evaluation of Poisson’s ratio in constant deformation experiments was carried out both at an axial
strain !AX,REL = 0.005 and at !AX,REL = 0.01.

3.2. Viscoelastic Poisson’s ratio effect and
correction of the transverse displacement
Experimental input and output of CDR experiments
are reported in Figures 6a and b, as measured in
tests performed at a strain rate of 0.003 s–1 at some
of the investigated temperatures. Figure 6a represents the time evolution of the stress during the tensile ramp test and its well-known dependence on
temperature. In Figure 6b the reading of the transverse extensometer is reported in terms of an apparent transverse strain, i.e. the net transverse displacement, $LTRANS, divided by the specimen width,
named apparent since at this stage it still comprises
the contribution due to the extensometer knives
penetration. Such a representation of the lateral
contraction effects, in which also the overall transverse displacement can be easily deduced (!TRANS =

Figure 5. PBT isochronous stress vs. strain curves at a) 30°C and b) 70°C for various instants: 10 s (&); 100 s ('); 1000 s (();
1 h ())
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Figure 6. Time evolution of a) axial strain, !AX, and stress, ", and b) apparent transverse strain in CDR experiments for an
axial strain rate of 0.003 s–1 at various temperatures: 20°C (&); 30°C (+); 50°C ((); 60°C ($)

–0.001 corresponds to a transverse contraction of
10 µm), may help the comparison of the transverse
displacement data with the data regarding the
extensometer penetration, which will be reported
later.
The opposite signs exhibited by axial and transverse strains indicate that the application of a tensile deformation leads to lateral contraction of the
specimen, and it is shown that at any given instant,
and thus at any given axial strain value, a greater
lateral contraction is found as the temperature
increases. The total transverse displacement measured within this set of tests is between 40 and 50 *m,
depending on the test temperature.
The input and output of constant deformation tests
are reported in Figures 7a and b in case of an axial
deformation !AX = 0.01 and at various temperatures. These figures show that the stress relaxation
is also accompanied by a continuous lateral contraction process. While the stress relaxation displays the well-known dependence on time and temperature, the transverse strain decreases with time

and, at any instant, a greater lateral contraction is
found for a higher temperature. Within this set of
experiments the change in the net transverse displacement signal during the constant axial strain
maintenance is about 5 *m at all temperatures, and
it is shown that at high temperatures an overlapping
of the curves can occur for long times.
In order to correct the value of the transverse displacement for the concomitant lateral creep of the
extensometer knives, this latter term was quantitatively estimated in experiments carried out on undeformed specimens. Figure 8 reports some examples
of the knives penetration curves. It can be noted that
in the time span of CDR tests (i.e. up to 40 s), the
lateral penetration is in any case lower than 0.1 *m,
and thus very small in comparison with the transverse displacement recorded during the ramp tests;
it is therefore believed that the lateral penetration
does not practically affect the lateral contraction
ratio evaluated in CDR tests. On the other hand, the
knives penetration becomes more important for
long times, and within 1800 s a maximum penetra-

Figure 7. Time evolution of a) axial strain, !AX, and stress, ", and b) apparent transverse strain in REL experiments carried
out at "AX,REL = 0.01 at various temperatures: 20°C (&); 30 °C(+); 50°C ((); 60°C($)
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Figure 8. Transverse displacement due to the extensometer
lateral penetration measured on an undeformed
specimen as a function of time at various temperatures: 30°C (&); 40°C (+); 50°C ('); 60°C (,)

tion of about 1.7 *m is found at 30°C and almost
the double at 60°C. These values are not negligable
if compared with the transverse displacement variation recorded during REL tests. In fact, at the two
temperatures considered, they reach about 30 and
60% of the values measured in REL tests during the
constant axial strain maintenance, respectively.
This indicates that the compensation of such undesired effect becomes a strict requirement in order to
provide a quantitative evaluation of the viscoelastic
Poisson’s ratio in relaxation tests.

3.3. Constant deformation rate tests
The effects of temperature and strain rate on the
short-time Poisson’s ratio, #CDR, were investigated
in CDR experiments. The results of the experiments
are reported in Figures 9a and b, representing the
Poisson’s ratio and Young’s modulus, respectively,
as a function of temperature at two strain rates.

Figure 9a shows that, for both strain rates, the Poisson’s ratio increases with temperature. Such dependence can be fitted with a sigmoidal function, extending from a lower plateau value of about 0.41 to an
upper plateau value scattered around 0.5, representative of the conditions of constant volume deformation, typical of incompressible materials in the
rubbery state. The inflection point of the sigmoidal
curves is located for both strain rates at temperatures in the proximity of the PBT glass transition
temperature, whereas the upper plateau is approached
at about 100°C, i.e. well above Tg. As the strain rate
increases, a lower #CDR value is found for a given
temperature, and a shift of the sigmoidal fitting
curve to higher temperatures can be observed. Such
a shift, if evaluated with reference to the inflection
point, is about 10°C for a strain rate increase of
about 20 times. The Young’s modulus, which is
measured in the same experiment, displays a sigmoidal decreasing dependence on temperature,
only slightly affected by strain rate. For both strain
rates the inflection point of the curves is located at
about 40°C, in proximity to that found for the Poisson’s ratio measured at the lower strain rate.
It is interesting to compare these results with those
previously obtained by this group, under similar
experimental methodology, on epoxy resins [14]. A
similar sigmoidal dependence on temperature was
evidenced for the epoxy systems, but with an inflection point for the Poisson’s ratio vs. temperature
curve occurring 20°C below the inflection point of
the simultaneously measured Young’s modulus vs.
temperature curve. Moreover, the upper plateau was
approached for deformation temperatures close to
the glass transition temperature. Tcharkhtchi et al.

Figure 9. a) Viscoelastic Poisson’s ratio, #CDR, and b) Young modulus for semicrystalline PBT evaluated at different deformation temperatures along a deformation ramp at strain rate of 0.003 s–1 (') and of 0.05 s–1 (,)

692

Pandini and Pegoretti – eXPRESS Polymer Letters Vol.5, No.8 (2011) 685–697

Figure 10. Viscoelastic Poisson’s ratio, #CDR, master curve
as function of reduced strain rate at a reference
temperature T0 = 30°C after shifting of the
isothermal curves at temperatures: 20°C (-);
30°C ('); 35°C (,); 40°C (&); 45°C (+); 50°C (
(); 55°C ($); 60°C ()); 100°C (!); insert:
isothermal curves before shifting

[15] provided analogous results on similar epoxy
systems. The results here presented for semicrystalline PBT suggest that higher temperatures are
required with respect to amorphous materials to display the quasi-constant volume conditions and that
the Tg region plays an important role on the transition to such deformational behaviour. This result
could be interpreted by considering a mobility hindrance exerted by the coexistence of crystalline and
amorphous regions.
By a tentative application of a time–temperature
reduction scheme, the isothermal #CDR data, represented as a function of the strain rate, were rigidly
shifted along the strain rate axis until the best superposition was reached. The master curve obtained is
presented for a reference temperature T0 = 30°C in
Figure 10. The decreasing (sigmoidal) dependence
of the Poisson’s ratio on strain rate indicates that as
the strain rate decreases the deformation can occur
under quasi-constant volume conditions, and,
although only qualitatively, the result seems to suggest that for a deformation at 30°C these deformation conditions can be met for very slow strain
rates, lower than about 10–9 s–1.

3.4. Constant deformation tests
REL tests permitted the investigation of Poisson’s
ratio dependence on time and temperature, starting
from the net transverse displacement signal and
correcting it for the extensometer knives penetra-

tion. The results obtained are reported in Figure 11a, which displays the Poisson’s ratio, #REL, as
a function of the relaxation time, tREL, in terms of
isothermal curves measured for an applied axial
deformation !AX = 0.01. For all the investigated temperatures, the viscoelastic Poisson’s ratio displays a
monotonic increase with time, and, for any given
instant, a higher value of the Poisson’s ratio is found
as temperature increases. The average slope of the
curves increases for temperatures up to 40°C, i.e. in
the proximity of the glass transition temperature,
and decreases again for temperatures above Tg.
The initial part of the curves is characterized by a
fairly regular increase, whereas at longer times (tREL
longer than approximately 10 min) the isothermal
curves tend to overlap, exhibiting a less regular
behaviour and the tendency to converge to a value
slightly above 0.5, i.e. above the incompressibility
conditions. It is important to underline that if the
transverse extensometer reading was not corrected,
even higher Poisson’s ratio values would have been
read. In the author’s opinion these high Poisson’s
ratio values have to be interpreted as scattered
around 0.5, and affected by inaccuracies related to
the correction of transverse deformation for long
times and high temperatures. At the same time, it
can not be excluded that the upper plateau could be
higher than 0.5, due to non-homogeneity on a
microstructural scale, already present in the materials (such as crystalline regions below the melting
temperature [1] or porosity [28]) or developed during the deformational process (as cavitational effects
[29–32], although these should have major importance at deformations higher than those investigated
here).
The decrease of stress was simultaneously monitored, permitting an evaluation of the time evolution of the relaxation modulus EREL, which is
reported in Figure 11b in terms of isothermal curves
for an axial deformation !AX = 0.01. The well-known
dependence on time and temperature is exhibited
and it is noteworthy to underline that the steepest
decrease is found at T = 40°C.
As previously shown in the evaluation of short-time
Poisson’s ratio by CDR tests, the glass transition
temperature seems to play a relevant role on the
PBT viscoelastic Poisson’s ratio also even under
these loading conditions. Not being directly in possession of data regarding the effect of temperature
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Figure 11. a) Isothermal Poisson’s ratio, .REL, and b) relaxation modulus, E, isothermal curves as a function of relaxation
time, tREL, at various temperatures: 0°C (&); 20°C (+); 30°C ('); 35°C (,); 40°C ((); 45°C ($); 50°C ());
55°C (!); 60°C (-); data obtained for an axial deformation "AX,REL = 0.01

on relaxation Poisson’s ratio of amorphous materials, our results were compared with literature data,
which underline some relevant differences between
semicrystalline and amorphous polymers. O’Brien
et al. [17] reported isothermal curves of the viscoelastic so-called lateral contraction ratio for epoxy
resins under creep conditions. They evidenced an
upper plateau at 0.49 for temperatures approaching
the glass transition region, while the simultaneously
measured creep compliance still displays an increasing trend. Similar results were obtained on amorphous poly (methylmetacrylate) by the group of
Knauss [10]. In both the above-cited works the
steepest part of the Poisson’s ratio isothermal curve
is located at temperatures lower than Tg.
The REL experiments performed at !AX = 0.005 led
to results similar to those obtained at the higher
deformation level, although a less regular trend for
the isothermal Poisson’s ratio vs. relaxation time

curves was found. This is probably due to the fact
that, in the case of a lower axial deformation, the
extensometer knives penetration becomes of higher
importance with respect to the transverse contraction, and thus an even greater accuracy is required
for the data correction.
On the basis of a time-temperature reduction
scheme, the #REL and EREL isothermal curves
obtained for the two sets of axial strains were
shifted along the time scale, in order to tentatively
achieve a master curve representation of the two
functions. The master curves obtained are reported
in Figures 12a and b, in which the Poisson’s ratio
and the relaxation modulus, respectively, are plotted as a function of the reduced time for a reference
temperature T0 = 30°C; Figure 12b reports also the
Poisson’s ratio master curve evaluated at !AX = 0.01
in order to directly compare the time dependence of
the two functions.

Figure 12. a) Poisson’s ratio, .REL, and b) relaxation modulus, E, master curves as a function of reduced relaxation time at
a reference temperature T0 = 30°C for two different axial deformations "AX,REL: 0.005 (,) and 0.01 (')
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For both axial strain levels, Poisson’s ratio shows
an increasing trend with time, which can be fitted
by a sigmoidal function and can be viewed as a
retardation (or delay) process. At this reference
temperature the master curve upper plateau seems
to be approached at times in the order of 106 s and
the inflection point is located at about 103 s. The
applied axial strain seems to marginally affect the
time-dependence of the viscoelastic Poisson’s ratio,
and mainly in the region of longer relaxation times:
in fact, although following similar sigmoidal trend,
higher Poisson’s ratio values can be found for a
given instant as the applied strain increases. Also
the relaxation modulus master curve seems to be
dependent on the applied strain, and lower relaxation moduli are found at the higher strain. Such
effect on both viscoelastic functions is interpreted
as a typical non-linear viscoelastic effect related to
the higher mobility occurring when larger deformations are applied.
Several aspects anyway suggest that the time distribution of the Poisson’s ratio master curve here provided, at this stage, should be considered as merely
qualitative; these aspects regard i) the different distribution of the Poisson’s ratio and of the relaxation
modulus as a function of the reduced time scale,
and ii) the different shift-factors for the two functions.
In Figure 12b it is shown that, with respect to EREL,
the #REL function displays inflection points occurring at shorter times (the EREL inflection point being
at about 106 s) and a narrower transition region.
This latter is seen to span over 3–4 decades in the
case of #REL, thus on a significantly narrower region
with respect to the 7–8 decades transition region
exhibited by the simultaneously measured relaxation modulus, and, similarly, by the storage modulus master curve. Since Tschoegl et al. [1] claims
that the delay times distribution can not be assumed
to be identical to that of relaxation and retardation
times measured in stress relaxation and creep
experiments, such a result can not be regarded as
inconsistent. Nevertheless, inspection of literature
data does not provide great help in interpreting this
effect. A tentative explanation of the peculiar distribution of delay times observed for PBT’s #REL with
respect to relaxation times shown by EREL could be
based on the different relaxation kinetics of the
hydrostatic and deviatoric stress components of the

stresses. In fact, it was experimentally proven that
bulk relaxation shows a narrower distribution of
relaxation times with respect to shear relaxation
(Morita et al. on poly (isobutyl metacrylate), and
Kono et al. on poly (isobutylether); both listed in
[1]); further, Di Landro and Pegoraro [18] have
attributed to the same reason the observed transition
of the viscoelastic Poisson’s ratio of polyetherimide
(PEI) occurring at times shorter than that measured
for shear and tensile modulus.
Of more difficult interpretation is the result concerning the different shift factors required for the
construction of Poisson’s ratio (#CDR vs. strain rate;
#REL vs. time) and of the relaxation and storage
moduli master curves, as can be seen from their representation as a function of the inverse absolute
temperature in Figure 13. The shift factors of the
relaxation modulus are not affected by the strain
level and exhibit values quite close to those estimated in DMTA tests. The shift factors for the master curves of Poisson’s ratio in REL tests also seem
to be unaffected by the axial strain, but show a less
steep slope with respect to those related to the moduli functions. Finally, the data obtained from the
Poisson’s ratio measured in CDR experiments,
shows an intermediate behavior, exhibiting values
close to those measured for the moduli functions for
temperature up to 40°C, while a deviation is exhibited for higher temperatures, with a slope similar to
that shown by the #REL set of data. Previous literature data have always shown that the shift factors

Figure 13. Shift factors employed for the construction of
the following master curves: a) storage modulus
vs. frequency, b) Poisson’s ratio .CDR vs. strain
rate, c) Poisson’s ratio .REL vs. tREL ("AX,REL =
0.005 (() and 0.01 (&)) and E vs. tREL ("AX,REL =
0.005 ($) and 0.01 (+))
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required for the Poisson’s ratio master curve construction are the same as those obtained for other
viscoelastic functions [10, 17, 20]. The difference
found between master curves distribution and
between the related shift factors are effects not fully
understood, and that could be tentatively ascribed
to an interference due to the contact extensometer.
In fact, although the subtraction of the transverse
penetration is believed to correct the value of Poisson’s ratio in any experimental condition, the presence of additional stress components, locally induced
by the lateral clip-on device, cannot be avoided.

ratio, tentatively obtained from the isothermal #REL
curves, qualitatively describes a sigmoidal increasing dependence on the logarithmic reduced time,
confirming the nature of viscoelastic Poisson’s ratio
as a retardation (or delay) process.
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