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Abstract. This work describes the computer implementatioth #we main features of a new
software that characterizes viscoelastic materidlgis new proposed software is based on
the representation of viscoelastic functions (rateon modulus and creep compliance) by a
Prony series, which the literature has proved to éeepresentative and computational
efficient function for viscoelastic materials. Adtlgh the Prony series has these desired
characteristics, it is not an easy task to obtdifrom experimental data because it involves
many numerical steps, which result in a non-pradtimoethod to be performed in a common
spreadsheet software. In order to avoid such dilties, this specific software was conceived
to read experimental data and promptly output itted Prony series in a faster way. It was
comprehensively used the object-oriented approac-4#+ computer language associated
with open-source wxWidgets graphical library. Inder to give a general overview of the
implemented code, the main classes for both nualesitd graphical interface are shown.
The main features available on this software amnstruction of master curves; collocation
method and least squares method to fit Prony sepiessibility to set the independent term,
the time constants and the number of dependentsteom the Prony series; and
interconversion between viscoelastic functions.
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1. INTRODUCTION

In mechanistic analysis of some materials the mespoof stresses and strains is
dependent of time of loading. As examples it carcibed the asphalt concrete employed in
road structures and many polymers used as primesgurces in industries. These cited
materials have in common the presence of an el@sstantaneous) response associated to a
viscous (time dependent) response. The theorynefli viscoelasticity is usually a viable
choice to model these materials.

In this theory it is necessary to perform somesstgrain experiments involving time as
a response (independent) variable. After that,etkgerimental results are represented by a
mathematical function. On one hand, the Prony sesi¢he most used mathematical curve to
represent viscoelastic materials, which the liteathas proved to be a representative and
computational efficient function for such materi@Bathe, 1996; Huang, 2004; Souza, 2005;
Evangelista Jr., 2006). On the other hand, the gole® to obtain Prony series from
experimental data (curve fitting procedure) is @asy, involving many numerical tasks. As a
consequence, it is very prone to errors if usinghmon spreadsheet software. Another
difficult task is the interconversion between vislastic time functions. In fact, the process of
interconvertion between viscoelastic functions imet domain involves complex
mathematical relations that are not easily founcluiment literature.

Due to these two reasons, the authors of the pex$emork decided to develop a
computer program that perform both curve fitting PBfony series and interconversion
between the viscoelastic functions in time domaims specific software was conceived to
read experimental data and promptly output theditProny series in a faster way, making
curve fitting of Prony series and interconversioreasier task.

The development of this proposed software was dwmieg Object Oriented Paradigm
(OOP) in C++ computer language (Stroustrup, 1988peaated with open-soureexWidgets
graphical library (Smaret al, 2006). In order to give a general overview of ithelemented
software, the main classes for both numerical aiagphgcal interface are shown. On a user
perspective, the main features available on thitvaoe are: construction of master curves;
collocation method and least squares method tdPfdny series; possibility to set the
independent term, the time constants and the nuofodgpendent terms of the Prony series;
and interconversion between viscoelastic functitmsinal section, the implemented features
in this proposed computer program were validated.

2. BIBLIOGRAPHIC REVIEW
2.1 Prony Series

For viscoelastic materials it is necessary to amrsihe time-dependent response (Ferry,
1961). In a classical work Schapery (1982pws that the time-dependent uniaxial stieg¥
and strain g(t) can be obtained by Eq. (1) considering this malteunder isothermal,
nonaging e linear conditions.

7=t =t
o(t) = jE(t—r)%dr; £(t) = j D(t—r)%dr (1a and 1b)
=0 =0

where 7 is the time-like integration variable ari(t) and D(t) are experimentally obtained
relaxation modulus and creep compliance, respdgtive



Even though these material functions are obtain@a experimental observation, it is
necessary to represent them by mathematical furctio order to perform stress analysis on
viscoelastic materials (Taylor, 1970; Evangelistaed al, 2005) and to interconvert these
viscoelastic functions (Park & Schapery, 1999; Paf01; Park & Kim, 2001). Among all
analytical representations available, the PronyieSeis one of the most used due to the
remarkable computational efficiency associated wghexponential basis function (Park &
Kim, 2001). The analytical description of relaxatiomodulus E(t) and creep
complianceD(t) by Prony series is expressed in Eq. (2):

M N
E()=E,+Y Ee""; D(t)=D,+>» D, @-e"") (2a and 2b)

i=1 j=1
where, E,, p, E, andD,, 7,, D,, are degrees of freedom of the Prony series. Equaa
and 2b are obtained representing the viscoelasaienml by a mechanical model consisting
of linear springs and dashpots (Ferry, 1961; Gémstn, 1982). The ternis, and D, are
called independent terms. The exponential tewnsand 7; are known as time constants
because they appear in association with the timiehla t. The set of term&, and D, are
the dependent terms of the Prony series and thebewurof terms used M and N,
respectively) is determined accordlying to the expental data. Usually, it must be used
around 8 to 15 terms in Prony series of Eq. (2Qruker to have a satisfactory mathematical
model to be fitted from experimental data. Nexttisecdescribes the most common curve
fitting method to obtain the coefficients of a Py@eries.

2.2 Classical Techniques for Prony Series Curve Fitting

The curve fitting of Eq. (2) from experimental aaesults in a nonlinear optimization
problem, in which techniques of nonlinear optimizas must be applied. To solve this
problem, Baumgaertel & Winter (1989) presented alinear regression technique in
whichp,, E (or 7,,D;) and the number of terms! (or N) are all variables. However, a
more common practice is to avoid the nonlinearesysdf equations by estimating the time
constantsp, (or 7,) from the total range of time domain (Schapery61tSSchapery, 1982,
Sousa & Soares, 2007). In a classical work, Sclyai®61) proposed the selection of ope
(or 7;) for each logarithmic decade of time, resultingaitinear system of equations to find
the dependent coefficients (or D,). Furthermore, as illustrated by Sousa & Soaré871},
the independent ternk, (orD,) can be directly inferred from the minimum valuging a
simple scatter plot of experimental data.

Once this simplified method of estimating time stamts is chosen, a technique to build
the linear system must be defined. In recent wifsksisa & Soares, 2007, Sowtal., 2008),
it was illustrated the classical collocation cufiting method (Schapery, 1961), in which
sampling discrete timeg are conveniently taken to be =ap, (or=ar,) (k=1...NorM)
where typicallya=1 or a=1/2 is used (Park & Schapery, 1999). An alternativéhoe is to
consider all experimental data as part of the sagpointst, (now k =1,...,P whereP is the
number of experimental points) resulting in thestesquares method. Considering Prony
series of EqQ. (2) in the least squares method teesulEq. (3) and Eqg. (4) for relaxation
modulus and creep compliance, respectively.

AE; =B

(summedonj;i=1..M; j=1..M) 3)

where:
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It must be emphasized that this last method (leqsares method) is less sensible to the
noisy of experimental data, once it considers glleeimental pointsK=1...,P), rather than
the small quantity of sampling points in collocatimethod k=1,...,.NorM ).

2.3 Interconversion between Viscoelastic Properties

Many works about linear viscoelastic theory (Fe@961; Christensen, 1982; Schapery,
1982; Park & Schapery, 1999) cite that interconearbetween viscoelastic materials may be
necessary due two reason$:the response of a material under a certaintatxan condition
is inaccessible in direct experiments and may leelipted from measurements under other
readily realizable conditions, and ii) a materiahdtion often cannot be determined over the
complete range of its domain from a single ex@tatnd then the range can be extended by
combining the responses to different types of examh. For more details about these
advantages the reader is referred to Park & Schdp899) and Medeiros Jr. (2006).

Park & Schapery (1999) describe an analytical aggron which the source (known) and
target (unknown) functions are represented by Pienes of Eq. (2). In this work, it is
shown the reduction of the interconversion fronaxation modulusE(t) (source function) to
creep compliance(t) (target function). In this reduction it is neceyst put Eg. (2a) and
Eq. (2b) into the integral relation defined accogiio Eq. (5).

jE(t—r)dZ—(Tr)drzl (t>0) (5)

Considering that the time constants of the tangettion 7, are known, the final relation
to obtain the dependent termi3;, of creep complianceD(t) (target function) from the
relaxation modulu€(t) (source function) is expressed according to Eg. (6

A,D, =B, (summedonj; j=1...N; k=1...Q) (6)

where:
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In the interconversion process, differently frone tturve fitting process, sampling few
points in the collocation method imply in resulssgood as the least squares method (Park &
Schapery, 1999). So inddk has a maximum valu€®, where Q=M or N in collocation
method andQ = P' in least squares methodP'( is a subset of thé® experimental points).
The inverse interconversion process, i.e. intereogion from creep compliande(t) (source
function) to relaxation modulugk(t) (target function), is done by using the relatiopsh
described according to Eq. (7).

jD(t—r)d'j—(TT)drzl (t>0) (7)

Following similar method describe in (Park & Schgp 1999), the authors of this
presented work obtained the equation to find thpeddent termskg, of the relaxation
modulus E(t) (target function) modulus from the creep complianzg) (source function).
This relation is expressed according to Eq. (8)

AE =B, (summedon;i=1..M; k=1..Q) (8)
where:
_D (1 e(fk/P))+Z D (1 e(tk/p))+z k _(tk/r) Whanpi =Tj
A, =< or
_D a- e-(tklp))_,_z D a- e(tk/p))+z J I (e (tk/r)_e(tk/p)) wha o £7,
= j Y

N
Bkzl_ Dg+sz (1_e‘(tk/TJ)):|/Dg
j=1

A final remark is that a common practice adoptethe simplification of time constants
of target (unknown) function equal to time conssaat source (known) functiogo, =7,).
The experimental results of Park & Schapery (1988icate this simplification is effective,
with errors in the order of 4%. For this reasons thimplification was adopted in the
development of the proposed computer program, whHeseription from developer and user
perspectives are depicted next section.



3. DESCRIPTION OF THE PROPOSED COMPUTER PROGRAM

This section gives an overview of the proposed agerpprogramits development was
motivated due to the lack existent between linéscoelastic theory and practical tools to use
such theory. Although the algorithmic process ofrveu fitting Prony series and
interconversion between viscoelastic functions niey done in a common spreadsheet
computer program, it is important to say that spabtedures are not easy to be done in this
environment becaus@: it involves many steps (resulting in a non-preadtiapproach); anii)
it involves many indices (resulting in a very prareor approach).

The development of the proposed computer programedViscoToo) was based on the
object-oriented C++ computer language, which ersabbéga encapsulation, a more organized
code and natural expansion of this code (Stroustt@p7; Prata, 2005). In first part of this
section a short description of the main classeédsifoToolis done. The second part describes
the main features dfiscoToolfrom user perspective.

3.1 Development ofViscoTool Computer Program

In order to develop a computer program that perfononstitutive characterization of
viscoelastic materials, it was decided to use thge€-Oriented Paradigm (OOP). The main
advantages of such paradigm ajedata encapsulation (data hiding) by a classyeatidii)
more natural reuse of code by class inheritancenamesms (Stroustrup, 1997; Prata, 2005).
In ViscoToo] it was not necessary to use class inheritandeit buas used extensively data
hiding by class definition, which resuitsa more organized source code and easier to dxpan
software. It was decided to use C++ language, dnthe most popular OOP computer
languages, associated with the graphical userfaaedibrarywxWidgetgSmartet al, 2007).
This library is free-to-use, open source and a gopiibn to developers in C++ language.
Furthermore, the authors usealogBlocks(Smart, 2007), a Rapid Application Development
(RAD) tool which enablevxWidgetsggraphical interface code generation by graphiczéms,
resulting in a very productive development of sewade related to graphical interface.

The main classes dfiscoToolare shown in Fig. 1, using the UML notation (OMG,
1997). In the next topics, the main classes relaiagaphical interface and numerical aspects
described in section 2 (bibliographic review) aresented.

ViscoToolApp
‘ MainFrameViscoTool } mf Ctrl
<<CppFriend>>
+m_data
DataMainFrameViscoTool ‘ -mf -mf
+shiftDialog +curveFittingDialog
‘ ShiftFactorDiang‘ ‘ CurveFittingDiang‘ ‘ MasterCurve‘

<<CppFriend>>

<<CppFriend>> <<CppFriend>>

PronySeriesPlot

Figure 1 — Main classes ¥iscoToolcomputer program.

<<CppFriend>> <<CppFriend>> -plottedCurve
+m_data +m_data

‘ DataShiftFactorDialog‘ ‘ DataCurveFittingDialog‘ ‘ ExperimentalDataPIot‘




Graphical Classes of ViscoTool

The ViscoToolAppclass is responsible to the initialization of thegram (asmain
function is necessary for console applications)] amstantiates the main user graphical
interface class, namédainFrameViscoToolThis later one is responsible to the initial scre
of ViscoToo] which has the controls (menus, toolbar) and #ipfparea, for the visualization
of the Prony series. As indicated in Fig. (1), tteda of this class is designed in another
specific class@ataMainFrameViscoToatlass). The connection between the graphical class
(MainFrameViscoTogl and its data classDataMainFrameViscoTodl is done with a
friendship relation between them. This design ggested by the work of Smaat al. (2006),
to provide a more modular code, separating sounde of graphical controls from code of
data structure. Another two graphical classes wemglemented $hifFactorDialog and
CurveFittingDialog classes); and they represent minor dialogs for ugeraction. The
communication to theMainFrameViscoTooklass is by efficient pointer mechanism, and
MainFrameViscoToolhas access o$hifFactorDialog and CurveFittingDialog data only
using the accessors (set and get), which is azed@n of the data hiding mechanism (Prata,
2005). In these two minor graphical classes it wia® used data isolation from graphical
controls.

Numerical Classes of ViscoTool

For the numerical implementation of curve fitting Prony series and interconversion
between relaxation modulus and creep compliancetifurs, it was designed three classes.
The first one, theCtrl class, is a static class that manages the nurhénoa-graphical)
aspects oliscoTool The Ctrl class is the unique way thitainFrameViscoTootlass can
pass information to other numerical classes, amsldbne by static definition as suggested in
Holandaet al. (2006).

A second numerical class is tMasterCurveclass which is responsible to create and
manage a master curve constructed from the expetaingata. For more details about master
curves, the reader is referred to works of Williaetsal. (1955), Buttlaret al. (1998) and
Medeiros Jr. (2006). TheronySeriesclass is responsible for the storagehs Prony series
indicated in Eq. (2). This class also implemenésdtrve fitting of Prony series using both the
collocation method (Sousa & Soares, 2007; Seusd, 2008) and the least squares method
indicated in Eq. (3) and Eq. (4). The interconvansbetween viscoelastic functions (Eq. (6)
and Eq. (8)) is implemented @itrl class, once this class has acceRrtmySerieslass. As
indicated in Fig. (1), it is important to cite thislainFrameViscoTooklass centralizes the
information passing to the numerical class€irl( MasterCurveand PronySeries For
example, if PronySeriesclass wants to know the curve fitting settings taored in
CurveFittingDialogclass, it must access them indirectly by pointeMonFrameViscoTool
class.



3.2 Available Features ofViscoTool from User Perspective

From a user perspective, the proposed computergrogvas created to read a simple
input text file where experimental data is dividedo different blocks, organized by
temperature in which the laboratory test was peréal (Sousa&t al, 2008). These blocks are
structured in two different columns) (ime column andii) the viscoelastic property column.
It is important to say that, before the creatiorthid input file, a pre-treatment of data outside
Viscotoolmight be required to exclude outliers. For illastvn purposes, Fig. (2a) shows a
hypothetic example of an input file for the creepmpliance test. For each constant
temperature indicated by the symbol “%” (the segitocharacter for reading purpose), there is
a list of timet and the corresponding creep compliance property.

B Input - Creep Compliance.ixt - Bloco de notas g@@ I Report - Creep Compliance.ixt - Bloco de notas E@@
Arquivo Edtar Formatar Exibir  Ajuda Arquivo Editar Formatar Exibir  Ajuda
% —20 C - ;
0.089935 2.B8LB4E-05 Correct Reading @ Property: creep compliance - D(t)
0.169368 2.82527E-05
0.299805 3.01272E-03 . " :
0.300743 2. 86457E-05 | iR i Tl Chosen settings
0.499672 2.86055e-05 & s
% -10 C Viscoelastic Property: Creep Compliance - Dt} pre-smoothing: Mo
0.089937 2.17587E-05 coefficient of petermination: R = 0.831628
0.199871 2.3387BE-05 Temperature: -20.00 N® Points; 6002 Number of (Dependent) Terms: 1
g%gggsg ggégz%g—gg Temperature: -10.00 M° Points: 6002 Independent Term: Do = 2. 913649 005
N N - Temperature: 5,00 N® Poinks: 6003
0.489676 2.61385E-05 Temperature: 20.00 N° Pointe: 6002 Prony Series Coefficients (Dependent Terms)
Temperature:  43.00 N Points:  A002

% 5 C i ol i] vaul 1]
0.139640 4.40018E-05 e T I ettt
0.2390582 4.76402E-05 1 ~1.840792-006 1.23951e-005
0.339518 4. 64988E-05 2 7.946438-006 1.33246e-004
0.4309453 4.86238E-05 3 1.122632-005 1.33556e-003
0.5339387 5.031%4E-05 4 2.91885e-005 1.33432e-002

5 6.438772-005 1.33481e-001
% 20 C (b) 6 1.89859e-004 1.33167e+000
0.099934 5.51287E-05 7 -2.53252e-004 1.33403e+001
0.199370 7.371B0E-05 ] 1.266462-003 1.33002e+002
0.289805 9.01184E-05 9 4.52686e-004 1.33426e+003
0.399730 1.03090E-04 10 3.72913e-003 1.31285e+004
0.469674 1.159%8E-04 11 -2.29473e-003 1.33568e+005

Figure 2 — input file (a, b) and output file (c)\dkcoTool

Once the input file is loaded, a message windowspgp(Fig. 2b) confirming the correct
reading of input data and a plot of experimentalves is shown (see Fig. 3). After
performing the required tasks, the user has thompb save the results intext file, as
indicated in Fig. (2c¢).

Figure 3 indicates the main screenshoWafcoTool Before reading the input file, the
user must choose the viscoelastic property (seediig The next step, indicated in Fig. (4b),
is the choice of a reference temperature to hotatlgnshift the experimental curves and
obtain the master curve. The methodology usedHhidtireg curves is described in recent work
of Souseet al.(2008). The user has the option to either selecteference temperature out of
a list containing all temperatures in which thd teas performed or enter any desired value.
After this, the program will construct the mastarve and plot it, as indicated by the black
curve in the main screenshot of Fig. (3).
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Figure 3 — main screenshot\coTool

The next step concerns of fitting a Prony seriesnfithe generated master curve as
indicated in Fig. (4c)ViscoToolsuggests to the user both the number of termeeoPtony
series M or N ) and the value for the independent terg) ¢r D,). Such independent term is
determined based on the master curve (usually thenmm value of this curve). In button
“Edit Fitting” of Fig. (4c) the user has the poski to decide which curve fitting method use
(collocation menthod or least squares method).rEi@gh) shows the dialog that appears when
the user clicks on this button. In this dialog, tleer can also edit the time constants, which
sometimes solve local problems of numerical vabfdte viscoelastic function due to scatter
of experimental measurements (Park and Schape®$)19

After solving the linear system, as indicated K#d), a report is created showing the
selected settings and the fitted coefficients abniyr Series -E_, p andg, for relaxation
modulusE(t) ; and D ,7,andD, for creep compliance(t) . In this report, it is showed the
corresponding interconverted viscoelastic functibime user has the possibility to choose the
curves to be shown (Fig. 4b) and to fit as manyiseries she/he judges necessary.



Master Curve

Wiscoelastic Modulus

Time Domain @ Reference Temperature | 15 w ‘B

() Relaxation Modulus - E(E)
Show Curves ...

(%) Creep Compliance - D(E)

Frequency Domain

(b)

Curve Fitking

Independent Term  |2.913642-005 @

[ m | [EdeFitting.. |

(@)

(c)
Curve Fikting Repart
©)

Do = 2.91364e-005 ~

Prony Series Coefficients (Dependent Terms)

i DLi] taufi]
1 -6,99205e-006 9,65034e-007
2 -1.83510e-005 9. 65034e-006 w

Clear Report ] [ Save Report ]

(d)

Figure 4 — (a) choice of viscoelastic property;rtigster curve construction; (c) basic settings
of curve fitting of Prony series; (d) report of Ryoseries curve fitting and interconversion.

<4 Curve Fitting

Methiod ko Fit
(®) Collocation
Pre-smooth with Modified Power Law (MPL)

O Least squares

Time Constants

Edit Time Constants

Time Constant 01 |4.60e-003 4 ¥ Time Constant 06 |5.94e+003 L
Time Constant 02 |7.67e-002 4 Time Constant 07 |9.91e+004 4 b
Time Constank 03 |1.28e+000 L Time Constant 05 |1.65e+006 4
Time Constant 04 |2, 14e+001 4 Time Constant 09 |2.76e+007 4 b

Time Constant 05 |3.56e+002 4 Time Constant 10 |4.60e+005 4 b

[ Reset ] [ oK ] | Cancel | [ Help ]

Figure 5 — choice of curve fitting method and exdtitof time constants of Prony series.



4. VALIDATION OF VISCOTOOL

In order to validate curve fitting method and ictarversion ofViscoToo] it was
extracted the Prony series indicated in the worlPafk and Schapery (1999). In fact, this
work does not show any experimental data, but, floenProny series given in this paper, it
was simulated experimental points, making an irfjatto be loaded inViscoTool This
approach is valid because the main purpose of tlesepted work is to validate the
implementation efforts, and the fenomenologicallgsis of this result is irrelevant. To
illustrate the inverse process shown in Park arap&ty (1999) the creep compliance curve
fitting was performed as well as the corresponderconverted relaxation modulus.

4.1 Curve Fitting using Prony series

Performing the curve fitting for many terms and Ho@rocess (collocation and least
squares) we obtain Fig. (6). In this figure we sap that both methods can be used to curve
fitting procedure, once they result in coefficiaitdetermination very close to 1.0. This is
particularly true when using 7 to 11 terms of thery series of Eq. (2a), which is the
recommended range of terms used in Prony serigkisnparticular example. This figure
indicates also that the least squares is a mongstdbchnique than the collocation approach,
resulting in more accurate results in all domaianfber of terms) and not affected by the
exceeded quantity of terms used from 12 to 20 terms).

1,200

N2
w1/ \
Y

/

0,200 /

0,000

—xCollocation

—=—Least Squares

Coeficcient of Determination - R?

0 4 8 12 16 20

Number of terms of Prony series - N

Figure 6 — Coefficient R? versus number of termBhy series
(for both collocation and least squares method).

Figure (7) and Table (1) indicate, respectivelg, gnaphical representation of coefficients
of Prony series using least square methodMardL1. From this graph, it can be observed the
good adjustment found in relation to the masteveufmable (1) validates the curve fitting
using least square method, once it shows the sasuts of the work of Park and Schapery



(1999). The same accuracy in fitting using collaamethod was obtained and it will not be
shown here for brevity purposes.
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Figure 7 — Prony series plotted\iiiscoTool(N = 11)

Table 1 — Prony series of creep compliance
using least squares methodviscoTool

j D, 7,
(N/m3)* (s)
1 4.08E-11 2.19E-2
2 7.37E-11 2.34E-1
3 2.25E-10 2.88E+0
4 6.40E-10 3.80E+1
5 2.03E-9 5.25E+2
6 6.86E-9 6.61E+3
7 2.19E-8 6.03E+4
8 6.50E-8 5.89E+5
9 1.37E-7 4.27E+6
10 6.93E-8 2.57E+7
11 1.45E-7 2.95E+8
D, = 4.47E-10

4.2 Interconversion of Viscoelastic Properties

The interconversion from the creep compliance fonc{source) to relaxation modulus
(target) was performed iNiscoTool Table (2) indicates the coefficients of intercerted
Prony series of relaxation modulus. The graphieptesentation of this (target) function is
indicated in Fig. (8), as well as the original (sm) creep compliance function. They are not
shown inViscoToolplotting area because a second vertical rulerlattipg area was not
implemented yet. In next version of this prograrhe tauthors hope to have already
implemented it. As indicated in Figure (8), theeimtbnversion process from creep compliance



(source) to relaxation modulus (target) was colyedbne, indicating that Eqg. (8) was
correctly obtained by authors of this current work.

Table 2 — Prony series of interconverted relaxathmaulus
usingViscoTool

i E P,
(N/m?) (s
1 2.05E+8 2.19E-2
2 3.13E+8 2.34E-1
3 6.39E+8 2.88E+0
4 6.41E+8 3.80E+1
5 3.26E+8 5.25E+2
6 7.75E+7 6.61E+3
7 2.13E+7 6.03E+4
8 8.83E+6 5.89E+5
9 8.85E+5 4.2TE+6
10  8.64E+5 2.57E+7
11 9.28E+5 2.95E+8
E.= 2.23E+6

For validation purposes, Fig. (8) indicates alse thterconverted relaxation modulus
exhibited in the work of Park and Schapery (198®hough this cited work presents a more
accurate way to obtain the time constants, we ecaphically conclude that the simplified
method implemented iXiscoToolof equal time constants in both source and tdugettions
is good enough.
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[ Computer Program ..’ - ’
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Figure 8 — Interconverted relaxation modulus usirggoTool



5. FINAL REMARKS

In this work, it was presented a computer progthat performs curve fitting of Prony
series and interconversion between viscoelastictimms. The main features of this proposed
computer program from developers and users perspesere depicted. From developer’s
point of view, this computer program was designed @nplemented using Object Oriented
Paradigm, by using extensively class definition fdata hiding and well defined
communication process between these classes. Framserls perspective, this software
perform curve fitting of Prony series and intercersion between viscoelastic functions. The
specialized environment constructed enables perfbese numerical procedures in a more
easy way than in a common spreadsheet software.

In fact other features must be implemented in Hufware, such as curve fitting and
interconvertion in the frequency domain. This saftevmust be viewed as an initial effort to
make theory of viscoelasticy more practical to keduin characterization of materials that
present time dependent mechanical responses.
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