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Introduction

Asphalt pavement in actual circumstances is subjected to the repetitive and changing
transport load. As a result of the repetitive load impact, both elastic and plastic deformations
occur to the pavement. Accumulation of plastic deformations in one or several layers leads to
appearance of permanent deformations or rutting. This type of deformations reduces safety
and convenience of traffic. With accumulation of water in the road rut, possibility of vehicle
hydroplaning increases, thus, reducing the quantitative value of the road friction coefficient
and facilitating occurrence of emergency situations. As the asphalt pavement is the most
expensive road construction material, prediction of permanent deformations is of big
importance. It allows planning the road infrastructure repairs timely and cost efficiently.

Aim and Tasks of the Research

Aim of the research is investigation of the rutting dynamics on the AC asphalt
mixtures with the help of the Wheel Tracking testing method.
To achieve this aim, the following tasks have to be solved:
1. Designing of the asphalt mixtures
» AC 11 reference mixture with the martin steel slag aggregate (AC 11/Ref)
» AC 11 with the granite aggregate and the surface active substance (AC 11/Gr)
» AC 11 with the diabase aggregate (AC 11/D)
» AC 11 with the dolomite aggregate (AC 11/Lim)
The conventional bitumen B 70/100 (See Table 1) is used for the asphalt mixtures.
2. Manufacturing of slab specimens with the segmental roller compactor [1].
3. Determining deformational properties with the help of the Wheel Tracking testing
method [2].
4. Assessment of the rut formation dynamics by using the VESYS (viscoelastic
pavement system)method [3]
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Table 1. Compositions of Asphalt Mixtures

Raw material Compositions of asphalt mixtures, mass %
fraction d-D AC 11/Lim AC 11/Gr AC 11/D AC 11/Ref AC 16/Lim
11-16 - - - - 20.9
5-11 37.7 - - 29.8 29.5
8-11 - 51.5 21.9 - -
5-8 - 20.7 7.6 - -
2-5 11.3 51.5 1.9 - 1.0
% 0-
0-5 37.7" ggéz gg 60.2 42.9 37.1
I?;’Vlvcéfr“e 7.6 3.9 3.8 6.5 6.6
phumen 5.7 4.7 46 6.8 4.9

D Natural washed sand

Methods

Asphalt slabs are manufactured by the roller compaction machine in accordance with
the EN 12697-32 standard method. Mechanical properties of the asphalt specimens
manufactured in the laboratory are similar to those of the field compacted asphalt. For each
type of asphalt, three slabs are made: two for the Wheel Tracking test and one for determining
the resilient modulus. Thickness of the specimens corresponds to that of the field compacted
asphalt layer, i.e. 40 mm. The wheel tracking test is performed in accordance with the EN
12697-22 standard method. The equipment in the laboratory circumstances simulates the
asphalt slab specimen load, which is close to the actual heavy transport load on the asphalt
pavement. Testing is performed at +50°C — the warming up temperature of the asphalt
pavement surface during the hottest summer days [4]. The resilient modulus is determined by
the indirect tensile test method in accordance with the EN 12697-26 standard method [5]. The
scheme of determining the resilient modulus is shown on Fig. 1.
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Fig. 1. Type of the cylindrical specimen (core) load [6]
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The resilient modulus is determined subject to the applied load P, the horizontal deformation
A, the specimen thickness h and the Poisson’s ratio p = 0.35 value (See Equation 1). The
resilient modulus is determined at the temperature of +50°C.

_ P(0273+ p)
A-t

E (1

Plastic deformations from the repeated heavy transport load increase exponentially
against the upper deformation boundary (¢ = 20mm). Growth of deformations from the
cyclical load is non-linear. The internationally recognized VESYS method is chosen for
permanent deformation prediction during experimental testing on the Wheel tracking
equipment, as well as on the cyclical press equipment, in accordance with the EN 12697-25
method [7]. The VESYS model states that the ratio of vertical plastic strain per cycle, de”/dN,
to the resilient strain, &, is an exponential function of the number of load cycles, N (See Fig.
2, Equation 2).

1 &7
— 2 _=uy-N°, 2
s N H (2)
where:

&? - permanent deformation, mm

¢, - elastic or/ resilient deformation, mm

N - the number of load applications, cycles

u - parameter representing the constant of proportionality of strains, and
a - parameter indicating the rate of decrease.
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Fig. 2. Typical resilient response from repeated load applications[8]
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Results and Discussion

Material parameters p and o, the deformation and resilience modulus for asphalt
specimens of the AC 11/Lim, AC 11/Gr, AC 11/D, AC 11/Ref and AC 16/Lim types used in
the experiment are summarized in Table 2. The o parameter is determined from the
deformation — cycles charts (See Fig.3) and the p parameter from the following formula:

& 3
=",
g -N“
where:
&’ - permanent deformation, mm
€, - elastic or/ resilient deformation, mm
N - the number of load applications, cycles
1 - parameter representing the constant of proportionality of strains, and
o - parameter indicating the rate of decrease
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Fig. 3. Development of Rut Depths
Table 2. Calculation of deformation and material parameters u and o.
Material Asphalt mixtures
parameters AC 11/Lim AC 11/Gr AC11/D AC 11/Ref AC 16/Lim
E, MPa 11.5 334 32.2 115.3 55.8
£,, MM 207 13.1° 14.0" 6.1 9.2"
&, [10°]mm 58.4 43.2 31.9 11.2 32.1
u 0.10 0.0026 0.016 0.77 0.025
o 0.7843 1.0965 0.9328 0.4995 0.8251
Specimen mm 40

ap for 5,000 cycles

= 20mm for 1,700 cycles
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The obtained results allow determining the rate of rutting after 1,000 cycles (the
maximum wheel tracking slope mm per 1,000 load cycles) for the asphalt specimens used in
the research. The maximum wheel tracking slope mm per 1,000 load (WTS,;;) cycles category
are provided in the EN 13108-1 standard [9]. Indices of the AC 11/Gr, AC 11/D, AC 11/Lim,
AC 11/Ref and AC 16 WTS,;; specimens are summarized in Table 3. The maximum WTS,;
category of the EN 13108-1 standard is WTS,;;1, which means that the maximum wheel
tracking slope per 1,000 cycles is I1mm. The reference mixture AC 11/ref corresponds to the
WTS,;;0.50 standard category. However, WTS,; for other AC 11 mixtures exceeds the
maximum standard category — WTS,;;1.00 several times.

=Table 3. Wheel Tracking Slope WTS,,;,

WS Actual WTS,;
Asphalt mixture type Max. EN 13108 -1 category (mm/1000 load cycles)
(mm/1000 load cycles)

AC 11/Gr 3.11

AC 11/D 2.57

AC 11/Lim 1.00 6.87

AC 11/Ref 0.49

AC 16 1.44

The heavy transport load on the asphalt pavement is the main cause for appearance of
permanent deformations. Road Tests of the American Association of State Highway and
Transportation Officials (AASHTO) showed that the damaging effect of vehicle loads can be
expressed by a number of equivalent single axle loads (ESAL). In accordance with this
document, the traffic intensity is anticipated for 20 years [10]. Table 4 provides the data
summarized by ESAL for one of the Riga streets with the especially expressed permanent
deformations resulting from the intensive public transport load — the descent from the Vansu
Bridge, the “Kipsala” stop. Asphalt pavement looses its capacity to resist shear stresses in the
period when the pavement surface temperature is up to 35°C [12] In accordance with the
Latvian Environment, Geology and Meteorology Agency data [13], it is established that there
can be up to 27 days with high surface temperature during a year. In Germany, for
comparison, there are about 42 such days on average [11].

Table 4. Traffic Intensity in ESAL Units for the Descent and Ascent to the Vansu Bridge

ESAL2004—2007 b Annual
average
Axles ESAL" D ESAL;Z;i&pt
ESALy, . ESALy,, s, (47°C)° @0
2 206 157,590 5,562 7,587
3 75 57,375 2,025

DESAL"? - equivalent single axle loads during the time from 11% — 19%

& ESAL;Z;? sepe - €quivalent single axle loads from May to September during the time from 11% - 19%

3 ESALE;;,? Sept (47° C) equivalent single axle loads from May to September during the time from 11% —

19" for the covering surface temperature above 47° C.
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By taking into account the resilient modulus, the p and o material parameters and the
rutting test results, the rut depth development has been calculated by means of the VESYS
method (Equation 4)

where

e’"(N)=¢,-u-N* “4)

g?(N) - rut depth, mm, after the N load cycles.

Allowable rut depth may be limited by both safety and structural considerations.

Pavement failure is defines as a rut depth of 19-20mm, however ruts deeper than 10mm could
cause hydroplaning or loss of skid resistance. The depth of maximum allowable rutting in
Latvia is 25 mm. Strain stability of asphalt mixtures of the AC 11 types with different
aggregates at high operating temperature and traffic intensity corresponding to descents from
the Vansu Bridge differs considerably (See Fig.4). In accordance with the obtained results, the
reference mixture AC 11/Ref is stable to strain, whereas the AC 11/Lim mixture forms large
road pavement ruts already during the first months of operation.
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Fig.4. Development of rut depth

Conclusions

1.

2.
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The AC 11/Gr, AC 11/Lim, AC 11/D and AC 16 asphalt mixtures exceed the standard
maximal wheel tracking slope category of WTS,;;1,00.

The AC 11/Ref reference mixture corresponds to the wheel tracking slope category of
WTS,i:0,50.

Service life of the asphalt pavement with the AC 11/Lim asphalt mixture, having the
dolomite aggregate, at the traffic intensity corresponding to the descent from the
Vansu Bridge, in accordance with the obtained results, does not exceed 1 year.
However, service life of the AC 11/Ref reference mixture, for the same traffic
intensity, in accordance with the results, exceeds 5 years.

To achieve the more reliable results, validity of the method must be performed, for
instance, comparison of the results obtained experimentally with the laboratory
research.
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Haritonovs V., Smirnovs J., Naudiuns J Paliekosu deformaciju veidosanas dinamikas izpéte asfaltbetona
maistjumiem AC 11.

Lidz sim asfaltbetona kvalitates nodrosinasanas sistéma Latvija bija ieklauts vienigi Marsala (Marshall) tests,
kas paredzets nosacitu deformdcijas raditGju — deformativas stabilitates un plistamibas ar konstantu
saspiesanas atrumu 50mm/min pie 60°C temperatiras noteikSanai. Latvija trika standarta metodes, kas
laboratorijas apstaklos spétu nodrosinat realiem apstakliem [lidzigu asfaltbetona paraugu izgatavoSanu un
slogojumu. Asfaltbetona deformativo ipastbu prognozésanai lielu loma ir slodzes pielikSanas atrumam, darbibas
ilgumam un pielikSanas frekvencei. Pétijums veikts izmantojot ekspluatacijas ipasibu (performance test)
standarta testesanas metodi Wheel Tracking test. Eksperimenta ir izmantoti Cetri asfaltbetona maisijuma sastavi
— AC-11/Lim (ar dolomita pildvielu aggregate), AC-11/D (diabaza pildviela), AC-11/Gr (Granita pildviela) un
no martenkrasns téraudkausesanas sarpiem ir izgatavots references maisijums AC-11/Ref. Visiem pétamiem
maisijumiem ir izmantota B70/100 nemodificeta bitumena saistviela. Rezultati parada tradicionalo
(conventional) maisijumu — AC-11 ar dolomita, granita un diabdza slikto deformativo noturibu zem smagas
transporta slodzes, salidzindjuma ar references maisijumu AC-11/Ref. Risu veidoSanas dinamika izpétes
rezultati zem intensivas smaga transporta slodzes izmantojot VESYS metodi pardda, ka pielaujamais risu
dzijums 25mm tiks sasniegts jau pirmaja asfaltbetona seguma kalposanas gada.
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Haritonovs V., Smirnovs J., NaudZuns J. Investigation of the dynamics of permanent deformations for the AC
11 asphalt mixtures.

Up to now, the system securing asphalt quality in Latvia includes only the Marshall test, which anticipates the
conventional deformation indicator — determination of strain stability and flowability with the constant
compression rate of 50mm/min at the temperature of 60°C. There is lack of standard methods in Latvia, which in
the laboratory circumstances could provide manufacturing and loading of asphalt specimens similar to real
circumstances. Large role in predicting the asphalt deformation features is played by the load application speed,
impact duration and application frequency. The research has been made by using the standard performance test
method - the Wheel Tracking test. Four compositions of asphalt mixtures have been used in the experiment — AC-
11/Lim (with the dolomite aggregate), AC-11/D (the diabase aggregate), AC-11/Gr (the granite aggregate) and
the AC-11/Ref reference mixture made of the martin steel slag. The B70/100 unmodified bitumen binding agent
has been used for all the investigated mixtures. The results have shown poor strain stability of the conventional
mixture — AC-11 with dolomite, granite and diabase, under the heavy transport load, in comparison with the AC-
11/Ref reference mixture. The results of investigating the rutting dynamics under the intensive heavy transport
load, by using the VESYS method, have shown that the allowed rut depth 25mm is reached already during the
first year of the asphalt pavement usage.

Xapumonoec B., Cmupnoec I0.,, Hayoxncync I0. Hccnedosanue Ounamuku 00pa3zoeanus OCmMamo4Hvlx
oepopmanyuit na achanemoodemonnvix cmecax AC 11.

Jlo 2008 200a 6 cucmemy obecneuenus Kauecmeom acharbmobemoHHO20 O0POAHCHO20 NOKpbimus 8 Jlameuu v
exnioven mecm Mapwana, onpedensiowuil  YCiogHvle 0eQopMayuoHHble CB0UCMEa  ac@anbmobemona:
CMabUILHOCMb U MeKyYecmy npu NOCMOSHHON cKopocmu Hazpysku SOmm/mun u memnepamype 60°C.
Cywecmeosana 00vbeKmuHasi He0OX00UMOCHb 8 CIAHOAPMHOM Memoode, KOMOpPblil 8 1A00PAMOPHLIX YCA0GUSAX
obecneuun Ovl useomosieHue 00pasyos acharbmobemona u ux HASPy3Ky, NPUOTUNCEHHYIO K pPearbHbIM
ycnoguam Ha oopoee. s npocHO3uposanus 0eopMayUoOHHbIX CBOUCME acharimobemonHo20 NOKPLIMUs 6
1abOPaAMOPHBIX YCA0BUAX OOIbUIOE 3HAYEHUE UMEem MemOo0 U320MOGLEHUS U XAPAKMep UCHbIMAHUsL 00pa3yo8 —
CKOpOCMb  NPUNOdICEHUs,, OMUMETbHOCHb U yacmoma Hazpysku Hcredosanue npou3eeoeHo ucnoib3ys
CMAHOAPMHBI MemoO UCCIe008aHUA IKCHIAYAMAYUOHHBIX — CEOUCME AChanbmoOemoHH020 NOKpbIMUs HA
obpaszosanue koneu — Wheel Tracking test. [nsa ucneimanusi 6vi10 u320moeieno 4 cocmasa niomMHO20
acghanomodemona muna AC 11 ¢ Oonomummuvim, SpaHumubIM, OUAOA3HBLIM 3ANOIHUMENAMU U U3 WIAKOS
mapmenosckoti cmanu (MTS). /[na écex cocmasos Ovln npumenen He moouguyuposanuvit 6umymern B70/100.
Pesynomamol  ucnvimanus noomeepicoaiom MUKyl  0eOPMAYUOHHYIO  YCIOUYUBOCHb COCMABO8 HA
MPAOUYUOHHOM 3aNOTHUMeENe NO cpagHeHuio ¢ pedpepenmuvim cocmasam (MTS). Jonycmumasn enybuna xoneu 6
25MM 01 MPAOUYUOHHBIX COCMABOS NPU UHMEHCUBHOM OBUNCEHUU 2PY308020 U 0OUECMBEHHO20 MPAHCNOPMA 6
Jlcapkue iemuuu OHu 6yoem 00CucHyma 8 nepeulii 200 IKCNIYAmayul ac@aibmodemoHHo20 noepblmusl.
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