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Abstract

The creep test under the static loading, that alitamdetermine rheological properties of
asphalt based on the creep curve, is the mosttigieest nowadays. Applied loads are
non-destructive and allow to observe the courshefstrain after the test load. The test
can be carried out on compressing, shearing, bgraénwell as on triaxial test, that
depends on the applied apparatus implementingrdiftentensity [1, 2, 3, 4, 5, 6].

Based on the creep test, the stress of differargesties can be specified. Among them
there are valuable rheological properties basesetected viscoelascity models [1].

The properties of the viscoelascity models arevesieindexes depicting resistance to
deformation. They can be used to forecast the wineek in the accepted rheological
model [1]. In this article it is shown the impadtdifferent rheological properties of the
viscoelacity model on the wheel-truck as well the impact of different properties on
shapeand the course of the creep curve.

The asphalt mixtures presented in this articlecy@acterized by variable rheological
properties. It is therefore difficult to determiméich property mostly affects the size of
the strain. However, the authors of this articlerapted to analyse the change of the
asphalt strain value of the different variablesparticular rheological model, called
Burgers’s model.

Keywords: rheological parameters, rheological medeleep test under the static
loading, deformation of asphalt mixture
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1. INTRODUCTION

The tested asphalt concrete samples were interdedviiearing course and the
traffic category KR 1-2. This kind of asphalt i®iguminous mixture of asphalt
and concrete (AC). Analysed creep test with pressinder static load was
carried out without side restraint.

The following composition of the asphalt concretaswused to prepare the
samples [7]:

» basalt chippings - 41.67%, grading - 0.063/11,2 mm;

e granite chippings - 18.94%, grading - 0.063/2,0 mm;

e Sand - 25.57%, grading - 0.063/2.0 mm;

e stone dust - 8.52%, grading < 0,063 mm;

e asphalt D - 35/50 - 5.30%.

The conditions of the test were in accordance whth recommendations of
international colloquium (Zurich, 1977) [8]. One thfe assumptions was that
the creep with respect to the bodies is charae@rizy both limited and

unlimited strain when there is limited and unlimdit®ad regardless the time of
the duration.
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Fig. 1. The strairwour se and the strain speed depending on time [1, 7]:

a) the load course depending on time ; b) therstailrse run depending on time;
¢) the strain speed course depending on time
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Technical conditions adopted in the creep test [9]:
» static load: 0.1 MPa 0.3 %,
e duration of load: 36005 5 s (Nottingham Asphalt Tester),
» duration of relief: 300 & 5 s (Nottingham Asphalt Tester),
« test temperature: 40 + 0.5°C,
» preload: 2% of static load for 120 seconds,
» dimensions of cylindrical samples:  height 100 m& mm,

diameter 101 mm: 0.2 mm.
It was adoptedn the tests that the asphalt is viscoelastic maitel there are
only viscous, elastic and viscoelastic strain. Tda time in the creep test, is
the time where the speed of strain is constantcteep is steady, whereas the
relief time is the time where the speed of strajoads zero, strain is constant.
The identification of the rheological parameterstlie Blrgers’'s model was
made on the basis of mentioned test. The identificawas conducted for
uniavial state with constant load and relief [7].

a)

b)

Fig. 2. The creep curve in Blrgers'’s rheologicatleldl, 7]:
a) stress course in time ; b) strain course in ficneep curve).

The interpretation of the rheological parameterss wemsed on the best
approximation of the creep curve derived from edeolatory test with the curve
specified for the viscoelastic model. The follogifunction was used to
designate it [1, 7]:
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where:

AP is the approximation error of creep [%],
& is the strain measured on sample [-],

& is the strain measured for the model [],
| is the number of measured points.

The approximation of the creep curve in Blrgerhsotogical model consisted
of minimalization of the above mentioned functiamdaobtaining the smallest
error. This determined function was an error foram@ed points. All the
approximation errors were determined by using tingpement to Microsoft
Excel - Solver. Detailed description of the study shown in [7].

2. ANALYSISOF THE RESULTSOF THE INFLUENCE OF THE
RHEOLOGICAL PARAMETERSON THE STRAIN

Table 1 shows the variability of rheological prapes for Blrgers’s rheological
model. The intervals were used to record and aeahys strain in this particular
model when changing the selected properties.

Table 1. The range of the rheological variability the selected model [7]

model parameter range
E.® [Pa] 6,26E+06 - 1,57E+08
Biirgers's n.® [Pas] 6,50E+10 - 1,63E+12
E° [Pa] 4,86E+07 - 1,22E+09
n.° [Pas] 2,86E+09 - 7,15E+10

Table 2 contains the rheological parameters forekemplary test that was
made for the asphaltic concrete used in wear layEnse average values of
individual parameters are selected for this tefst [7

Table 2. The rheological parameters for analysedeinand exemplary test [7]

model parameter value
E.° [Pa] 3,13E+07
B
" , N, [Pas] 3,25E+11
Blrgers's E? [Pa] 2 43E+08
ns° [Pas] 1,43E+10
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2.1. Theresultsof thevariation of one parameter

Fig. 3 and 4 show the demands of Birgers’'s modefHeological parameters
and the strain calculated 1400 seconds later ditering changed one
parameter. In addition, the approximate strainltesure shown by using linear
and exponential function. The sensitivity of thegmaeters to strain value is

expressed as a derivative of strain after the dengparameter. The results for
the exemplary test is shown in Figure 3.

a) b)
ooen T
' : ) arameter E.® [Pa
* * theoretical calculations P 1+ [Pal
oos0 +
Ly " O sample 32 0,00E+00 4,00E+07 S,00E+07 1, 20E+08 1 GOE+05
© oo T \ for E,8 = 2 43E+08 Pa 1.008-24 : '
o \ % = 3,25E+11 Pas
% poosn -1,00E-08 +
o v P = T43E+10Pas '
E kY T
S oomso N £= 2027 O, B075e g -2,00E-08 +
3 B R2=10,9899 3
00030 + el s poE-0a 4
————e o -
0,0000 f f f !
000E+00  400E+07 B00E+07  120E+08  1,GOE+08 -4,00E-09 T
parameter E,¢ [Pa] -5.00E-08 L
c) d)
pma ¥ - - 100E-14 — parameter 1,8 [Pas]
e theoretical calculations '
oos0 +
—_— O sample 32 DDDE+3,DDD_E+DD SOOE+11 1006412 1 S0E+12 2,00E412
w0020 '
c for E48 =3 13E+07 Pa
2 ogow T E-f = 2 43E+05 Pa ADOEAS
s B =143E+10 Pas “
E 0,0060 1 N2 : 52,00514 +
=] ".-!._.,_ —_
[ I . e ]
T 00030 . -
=] e=01 345T]1E' st 2-3,00514 —+
0,0000 R2&087 | ! |
000E+00  500E+11  100E+12  150E+12  2,00E+12 40E-14 +
parametern® [Pas] 5.00E14 4

Fig. 3. The dependence of the rheological parametethe Birgers’'s model calculated
the strain 1400 seconds after load and sensitiviglysis using the derivative
of the approximation function [7]:
a) deformation - parameteiE b) sensitivity analysis for parametef E
c) deformation - parametgi® d) sensitivity analysis for parametgf
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Fig. 4. The dependence of the rheological parametethe Birgers’'s model calculated
strain 1400 seconds after load and sensitivityyasialsing the derivative
of the approximation function [7].
a) deformation - parametep®E b) sensitivity analysis for parametef E
c) deformation - parametgs® d) sensitivity analysis for parametgf

During the analysis of the above results, it carséen that the parametefE
has the greatest impact on the strain in Birgemsidel. The value change of
this particular parameter in considering intengaP6E+06 - 1.57E+08) caused
the change of strain of 91.21 %. The paramete?si E,® have the similar
effect on the strain (35.92 % and 34.58 %). Whetbhasparameten,® does
not have any effect on the strain after 1400 sesond

Considering the graphs of the sensitivity, it carsben that the derivative of the
function takes the greatest values for the samanpeters in the same intervals,
in which their values changes caused the biggesnst
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2.2. Theresultsof thevariation of the two parameters

Fig. 5 and 6 show the dependence of the rheologieabmeters of the
Blrgers's model calculated stain after 1400 secofdtsad while changing two
parameters. These calculations allowed to obtamoraplete picture of the
impact of the parameters on the strain.
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Fig. 6. The dependence of the rheological parametethe Birgers’'s model calculated
strain after 1400 seconds of load when changingaavameters[7].
a) deformation - parameters®&and E® b) deformation - parameters® and E°
c) deformation - parameters®gandn,® d) deformation - parameters® and B®
e) deformation - parameters®&andn,® f) deformation - parametens® andn,®

As shown in Fig. 5 and 6, paramef®F has significant effect on strain when
changing two parameters in different configuratiodd the same time,
changing any other parameter causes a significhahge in strain. The
parameter is B is the second parameter that has an effect ostthim size. A
similar effect on the strain has the parametgr It was also found that the
parameten),® does not affect the strain value regardless ottmdiguration of
the other parameters.

3. ANALYSISOF THE RESULTSOF THE INFLUENCE OF THE
RHEOLOGICAL PARAMETERSON THE CREEP CURVE

The shape and the course of the creep curve wigsadaising the rheological
parameters form the range in Table 1. The coursheotreep curve according
to changing parameters of Blrgers’s model are showig. 7.

The range of variation of rheological parametersenaken from Table 1.
Elastic change was observed fo® parameter in Biirgers’s model, whereas
changing parameter,£ the strain value changed as well. The change of
parametem,® in Biirgers’s model causes the permanent straimgehaThe
influence of parametar,® is not so significant, the convexity has beenaeati
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Fig. 7. The course of the creep curve accordirghémge of the Birgers’s model
parameters [7].

4. SUMMARY

This article attempted to analyse the results ef itifluence of rheological
parameters on the value of the strain when changimegand two rheological
parameters in selected viscoelasticity model tlsaBurgers’s model. The
second part of the article contains the informatdout the analysis of the
results of research on the influence of rheologieabmeters on the static creep
curve.

The analysis allows to identify which rheologicabadel parameters have a
significant influence on the size of the permardgformation. The range of a
variation of rheological parameters in the analysésne from a range of
parameter values characterizing the asphalt test.
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It can be seen from the graphs presented in thideathat the strain and the
course of creep of changes in the depth of thelobaal parameters depend on
the value of elastic modulus and coefficient oteisty.

The greatest influence on the strain size have npetex E® (immediate
modulus, in range 6.26E+06 - 7.30E+07 Pa) mifd(viscosity coefficient, in
range 6.50E+10 - 3.25E+11 Pas).

When analysing the strain of asphalt (permanentrdeitions), the above
parameters need to be taken into account, be¢chegegrovide the sensitivity
of asphalt to the strain.
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Streszczenie

Badanie pelzania pod olgeniem statycznym jest obecnie najbardziej efektywny
badaniem pozwalagym na okrélenie reologicznych parametréw mieszanek mineralno
asfaltowych na podstawie krzywej pelzania. Stos@warbcizenia mag poziom
nieniszcacy i pozwalag na obserwaej przebiegu odksztatléew czasie rownie po
odcizeniu. Badanie me by realizowane przy§ciskaniu, §cinaniu, rozciganiu i
zginaniu, a take w zakresie tréjosiowym, w zaleosci od stosowanego aparatu
realizupcego zadany schemat negmn [1, 2, 3, 4, 5, 6].

Na podstawie badania petzaniama okréli¢ parametry oparte o ioe teorie pefzania
a szczegolnie cenne parametry reologiczne w opargwmibrane modele lepkosgyste
[1].

Parametry z modeli lepkosgystych & miarodajnymi wskanikami obrazujcymi
odpornd¢ mieszanek na deformacje. kfm za ich pomac prognozowé gicbokasci
koleiny w przygtym modelu reologicznym [1]. W niniejszym artykybezedstawiono
jaki wptyw na gebokas¢ koleiny maj rézne wartdci parametrow reologicznych z
analizowanego modelu lepkospystego oraz wpltyw parametréw na ksztatt i przebieg
krzywej petzania.

Przedstawione w artykule mieszanki mineralno -lasige charakteryzuajsie zmiennymi
parametrami reologicznymi, zatem trudno jest &ikée ktory parametr decyduje o
wielkosci odksztalcenia danej mieszanki. M@ajna uwadze powgze, w artykule
podito prok; analizy zmiany warti odksztatcenia mieszanki mineralno — asfaltowej
przy zmianie jednego oraz dwoch parametrow w damgadelu reologicznym — w tym
przypadku - Birgersa.
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