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1. Introduction

Permanent deformations or rutting is the main tgbelamage to the asphalt concrete pavement in
Latvia. To eliminate it, a large section of the lzap pavement must be renovated, which requires a |
of financial investment. In the current economitiaiion, this is inadmissible. In order to solvésth
problem, the in-depth laboratory study of deforimatproperties of the asphalt concrete composition
IS required. Since 2007 the Construction Sciencetr€eof the Riga Technical University has been
participating in the State Joint Stock Company Via State Roads” research programme “Research
on Application of New Technologies”, where this e is included. Within the framework of the
project, the Riga Technical University has acquineddern equipment to study the dynamics of
appearance of permanent deformations. By applyiagéw technologies in Latvian circumstances, it
Is possible to timely evaluate the deformation praps of the asphalt concrete mixture composition
prior to its being laid on the road, by manufactgrthe asphalt concrete specimen close to the real
circumstances and loading them on a road or ats@eewell as to elaborate the asphalt concrete
mixture compositions, which are resistant to rutfation.

2. Aim and Tasks of the Research

Aim of the research: To investigate stability tast of the asphalt concrete mixture compositions
applied for the surface of Latvian streets and saatter the heavy transport load, by consideriag th
local climatic circumstances.

To achieve this aim, the following tasks have tsbled:

1) Designing of the asphalt concrete mixture compasitivith the traditional aggregate and the
modified and unmodified bitumen binder.

2) Investigation of the temperature and transport doetthracteristic for Latvian circumstances, as
the main external factors influencing formatiorpefmanent deformation.

3) Determining the deformation properties of the a#ipbancrete specimens in the laboratory
circumstances by the standard testing methods efpiérformance properties — the Wheel
Tracking tests, in conformity with LVS EN 12697-2#hd the cyclic pressure test, in conformity
with LVS EN 12697-25.

4) Investigation of the dynamics of appearance of paent deformations with the help of the
VESYS model



3. Methodology

Asphalt concrete is considered to be a very comtdt material. Analysis of the asphalt concrete
properties is made difficult due to many factorfich influence these properties, the main of these
being: there is no constant load amount and itsabipa frequency, as well as the properties change
considerably depending on the temperature and hedutre. In accordance with researches of some
scientists, the asphalt concrete mechanical priesedre the function of the load amount and
temperature [1]. Therefore, elaboration of a met@model for the asphalt concrete pavement, with
observation of all factors influencing mechanicadperties, is very complicated. There is a posgbil

of either to reduce a large amount of the influegdactors to several most important ones, or to
perform the time consuming tests for determininigeotparameters and to summarise them in one
model. The material models can be divided intodlgeups [2]:

1.rheological models;

2.empiric correlation equations based on the experiahatage monitoring results;

3.functional equations directly based on laboratest tesults.

Plastic deformations from the repeated heavy tr@amdpad increase exponentially against the upper
deformation boundary (= 20mm). Growth of deformations from the cyclit@dd is non-linear. The
internationally recognized VESYS method is chosen dermanent deformation prediction during
experimental testing on the Wheel tracking equipimas well as on the cyclical press equipment, in
accordance with the EN 12697-25 method. The VESY8ahstates that the ratio of vertical plastic
strain per cycle, é/dN, to the resilient strain,, is an exponential function of the number of load
cycles, N (Equation 1}].

1 ¢ _e
= =N, (1)

where:

" - permanent deformation, mm

g - elastic or/ resilient deformation, mm

N - the number of load applications, cycles

U - parameter representing the constant of prapwatity of strains, and
o - parameter indicating the rate of decrease.

The material parametepgand « are determined from the following expression:

u=2 2)
gl’
where:
a,b, &, - constants determined from testing,
a=1-b

Asphalt slabs are manufactured by the roller cotmpacnachine in accordance with the EN 12697-32
standard method. Mechanical properties of the disppacimens manufactured in the laboratory are
similar to those of the field compacted asphalt. éach type of asphalt, three slabs are made:dwo f

the Wheel Tracking test and one for determiningrémlient modulus. Thickness of the specimens
corresponds to that of the field compacted asphagir, i.e. 40 mm. The wheel tracking test is

performed in accordance with the EN 12697-22 stahd@ethod. The equipment in the laboratory
circumstances simulates the asphalt slab specioah Which is close to the actual heavy transport
load on the asphalt pavement. Testing is perforateti50C — the warming up temperature of the

asphalt pavement surface during the hottest surdengs [4]. The resilient modulus is determined by
the indirect tensile test method in accordance thi¢hEN 12697-26 standard method.



4. Properties of asphalt concrete and raw materials

4.1. Bitumen

Comparison of properties of the binders and evaoadf their conformity to requirements of the
Roads Specifications 2005 [6], which are the temhinspecifications for construction of Latvian
streets and roads, are summarised in Tables 1 afidhe?2 modified bitumen binder has a lower
penetration and the higher softening point tempeeatthe larger kinematic viscosity, but the lower
fragility temperature, in comparison with the comtienal bitumen binder B70/100.

Table 1
Comparison of Properties of the Bitumen Binders/B@0 and ModBit 80B
Results
Bitumen properties 8 70/100|  Modbit Standard
80B
Penetration 2%, x 0,1 mm 71 59 LVS EN 1426
Softening point{C 47,7 68 LVS EN 1427
Paraffin wax content, % 11 - LVS EN 12606
Kinematic viscosity 13%,
322 350 LVS EN 12595
mnt/s
Flash and fire pointSC 320 349 LVS EN 22592
Frass breaking pointC 21,2 -16 LVS EN 12593
Solubility in toluol, % 99,27 - LVS EN 12592
Dynamic viscosity6fC, Pa/s 146 - LVS EN 12596
Density, g/cr 1,0066 . LVS EN ISO 3838
Resistance to hardening under the
influence of heat and 135
Mass change -0,050 0 LVS EN 12607
Penetration 2%, x 0,1 mm 72,2 40 LVS EN 1426
Softening point;C 51,8 71 LVS EN 1427
Softening point changéC 41 3,0 LVS EN 1427

4.2. Aggregate

The asphalt concrete aggregate is selected insuay as to include the main natural stone maserial
applied in manufacturing of asphalt concrete irvizat dolomite, granite and diabase. The aggregate
has its main physical and mechanical propertiesrggbhed. Requirements of the Roads Specifications
2005 regulate conformity of the aggregate categdive construction of Latvian streets and roads
depending on the motor road operation conditions, ifistance, traffic intensity (See Table 3).
Distribution of the aggregate properties into categs is provided in the LVS EN 13043 Standard:
“Aggregates for Bituminous Mixtures and Surface aments for Road, Airfields and Other
Trafficked”.



Table 2

Evaluation of the Bitumen B 70/100 Conformity todr&ements of the LVS EN 12591 Standard

Requirement Results )
Index Standar Evaluation
Convent. Mod. Convent. Mod.
Penetration LVS EN
25C.x 0.1 mm 1426 70-100 50-70 71 59 Conforms
Softening point?C | "o | 43-51 > 53 477 67,7 | Conforms
Paraffin wax LVS EN Conforms
content, % 12606 =22 i 11 i
Frass breaking | LVS EN Conforms
point, °C 12593 <-10 > -15 211 -16
Solubility in LVS EN Conforms
toluol, % 12592 > 99,0 ) 99,27 i
Kinematic Conforms
viscosity 135C, LVS EN > 230 - 322 -
12595
mm?/s
Flash and fire LVS EN Conforms
points,’C 29502 > 230 > 235 320 349
] LVS EN
0, - -
Elastic reverse, % 29502 > 50 88
Mass
< | change % <0,8 <0,5 -0,050 0 Conforms
g'«o: Permanent Conforms
= « | penetration,| LVS EN
S| 25C,x01| 1426 >50 >354 72,2 40
cI’E I mm
%)
>| Elastc | LVSEN| > 50 ] " Conforms
reverse, %| 22592
2 | Softening Conforms
= point - <5 - 1.9
£ | change’C LVS EN
) Penetration Conforms
> 13399
@ change i <9 i 6
% 25°C, x 0,1
mm

4.3. Compositions of the asphalt concrete mixtures

Five compositions of the dense graded asphalt eemanixture AC and two compositions of the stone
mastic asphalt SMA with the traditional aggregatd ane reference mixture AC 11 with the Martin
steel slag aggregate have been designed (See 4)afilae optimal bitumen binder composition for
the asphalt concrete mixtures has been determiitedive help of the Marshall method



Conformity of the Coarse Aggregate to the Requirgsef the
Roads Specifications 2005 at AADT > 3500

Table 3

nd stand Requirement Result cvaluat
ndex andar : valuation
poiming| B | 0 | oR [ TS
Fl%ﬂg)e(ss L\9/9?3I_E3N <15 <15 11 9| 12 3 Conforms
fquaegsrlr?;irt]gﬁotg Ll\g?WE_ g <20 <20 25 | 13| 12| 18 n'(;irgodn?grsm
(Los Angeles)
x?gﬁaetziltj;nst L:EgSG7E_ g <18 <18 6 | 09 2 Conforms
< Ol,:Ci)”6e§mm L\9/??3I-51N =2 =2 24| 14 11 0 nlc;irgodnc;grsm
Nordic test Ii\(;g?E_I\é <10 <10 18 | 13| 8 4 L:jmoea}sngo[t)
conform
Table 4

Compositions of the Dense Graded Asphalt Concrex¢euxé AC and SMA

Asphalt Aggregate fraction d-D, mass % Bitumen
Concrete Dolomite
Mixture 11-16 | 5-11 | 8-11 5-8 2-5 0-5 B70/100| ModBit
T powder
ype
AC 11/Lim” 37.7 - - 11.3 | 37.7 7.6 5.7 -
51.5
AC 11/GF - 51.5 20.7 | (70% 0-2) (30% 3.9 4.7 -
2-5)
AC 11/D8 - 21.9 7.6 1.9 60.2 3.8 4.6 -
AC 11/Ref® - 29.8 - - - 42.9 6.5 6.8 -
AC 16/Lim 20.9 29.5 - - 10| 371 6.6 4.9 -
SMA 16/Gr 39,9 - 28,3 9,5 - 14,1 7,3 - 5,9
SMA 11/D - 51,7 17,9 0,9 15,1 8,5 5,5 -

Y Natural washed sand

9D - diabase

2 Crushed sand
® Martin steel slag

3 Lim - dolomite

4 Gr - granite




5. Results

For the designed AC and SMA asphalt concrete mextompositions, the deformation curves -
permanent deformation growth is obtained on the &/fAeacking testing equipment, depending on
analysis of the cycles. Table 5 provides summaryheimaterial parameters p anddeformation and
resilient modulus for the asphalt concrete specitypes used in the experiment.

The obtained results allow determining the maximuineel tracking slope mm per 1,000 load cycles
for the asphalt concrete specimens used in theandseCategories of the maximum wheel tracking
slope mm per 1,000 load (WZ¥ cycles are given in the EN 13108-1 standard. lagimum EN
13108-1 Standard WTScategory is WT&1, which means that the maximum wheel trackingeslop
per 1,000 cycles is 1mm. The estimated \)fICategories are provided in Table 6.

Table 5
Asphalt Concrete Deformation Parameters pe&and
Material Asphalt Concrete Mixture Compositions
parameter AC AC AC AC SMA
110m | 1ver | PSP yrer | 1etim | SMATYD T 190 Mod
E, MPa 115 33,4 32,2 115.3 55.8 68,6 164
€5, MM 20 13,1 14,0 11,2 16,5 7,61 3,0
2
e [10] 58,4 43,2 31,9 13,2 32,1 23,5 3,13
9l 0,008 0,003 0,01 0,45 0,02 0,52 2,54
o 0,933 0,9830 0,977 0,470 0,825 0,446 0,201
Specimen,
mm 50
™ g, per 10,000 cycles
") g, per 5,000 cycles
7 g, =20 mmper 1,700 cycles;
Table 6
Wheel Tracking Slope WT$
WTS,; factual
Asphalt (mm/1,000 load
Concrete cycles)
Mixture Type Y
AC 11/Lim 3,11
AC 11/Gr 2,57
AC 11/D 6,87
AC 11/Ref 0,49
AC 16/Lim 15
SMA 11/D 0,56
SMA
16/Gr_ModBit 0,06

To determine the daily, weekly, monthly and anngrawth of permanent deformations, the traffic
intensity data expressed in ESAL units are requiasdthe parameter N from 1. equation is equal to
the amount of ESAL units. ESAL is determined frdra following equation:

ESAL=f, -G- AADT-365-N-F, (3)



where:
ESAL-equivalent single-axle load;

f, - design line factor;

G -growth factor;

AADT - first year annual average dalily traffic;
N - number of axles on each vehicle;

F - load equivalency factor for vehicle.

If accepting that the asphalt concrete pavemengulgseriod on the A4 detour road (Baltezers —
Saulkalne) in accordance with the project is 20y@ad the annual traffic growth is 2%, the growth
factor G will equal to:

G=|@+n)" —1]/r, @

where:
10C
| - growth rate = 2%

There are 16% of the five-axle tracks on the Addetoad. The amount of cars is 74% percent; still,
their damage effect is very small, as the axlens# tuck is equivalent to axles of 8,000-10,00G.car
Intensity of the annual average daily traffic (AAPdn the A4 detour road is 10,000. Knowing the
load equivalency factors for vehicles, AADT and gnewth factor, the total ESAL is determined (See
Table 8).

Table 8
Total ESAL Estimation Parameters
g _Z‘m.: @ 5, 5 £© o % S d|Ecg — 4
o o .o <
ES2 | 928 | B8 AADT B285212832| 883
258 | 8527 58 13378 | pes¥ | fEX
2 axles 0,007 0,2
3 axles 1,05 0,46
4 axles 0,5 24,3 10000 1,50 2,7 16,7
5 axles 1,76 12,5
6 axles 1,82 0,8
ESAL for the first year -ESAL, equals to:
ESAL, = z ESAL /243 = 069x 10° (5)
Daily _traffic = ESAL, /365=1890 (6)

The rut formation is assumed to take place duriregperiod of April to September front’7 21%,
when the asphalt pavement temperature can readtighg@erformance temperature - >@5ESAL
for the period of April to September is 55% of tirenual value, and fronf?zill 21% it is 85% of the

daily value. Percentage of the days with the higHfggmance temperature during this period is 2%




[7]. The annual ESAL with the high pavement performance temperature5452. By using
2.equations, the rut formation dynamics has be&rmiéened (See Fig. 1).
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Fig. 1. Theoretical development of the rut depth on theded

6. Conclusions

1) In accordance with the obtained results, the matkjnadlowed rut depth on the asphalt pavement
with the unmodified conventional bitumen is 25 mim Kithuania, for instance, it is 20 mm) is
reached already during the first operation yedahefasphalt pavement layer.

2) When performing the prediction research of permadeformations, the climatic circumstances
characteristic for Latvia and the transport loagiregsed in ESAL units have been taken into
account.

3) The standard category WJ,9f the conventional asphalt concrete mixture exsestk.

4) To achieve the more reliable results, validity bé tmethod must be performed, for instance,
comparison of the results obtained experimentaiti the laboratory research
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Haritonovs V., Smirnovs J., Naudzuns J AC un SMA dsltbhetona maigjumu sastivu paliekoSo
deformaciju veidoSaras dinamikas Etijums.

Asfaltbetona segumsdles apsiik/os pakauts atkirtotai laika maingai transporta slodzei. Adiktotas slodzes
iedarbibas rezulita sequm paradas gan elasyas, gan plastisks deformacijas. Plastisko deforatiju
uzkiSanis vieni vai vairakos slipos noved pie palieko3o defafaiju jeb risu veidoSags. Sis deforacijas
veids samazina satiksmes dtss unertibu. Petijuma nerkis ir risu veidoSanas dinamikas izgte bkva (AC) un
Skembu mastikas asfaltbetona (SMA) rjaimu sasiviem. Rtijums veikts izmantojot standarta ekspiigdas
ipasbu teséSanas metodi — rijgs sliezu veidoSars tests. Eksperimenis pirbaudes veilds pieciem AC,
diviem SMA asfaltbetona mgisma sasiviem un vienam references mnipimam ar martenkisns
teraudkaugSanas grpu pildvielu. Maigumu izgatavoSanai izmantota tradicida bitumena saistviela B70/100
un modifietais bitumens Modbit 80B. Rezatitparada tradicionilo asfaltbetonu maipimu slikto deformato
noturtbu zem smagas transporta slodzesjdzatzjuma ar AC references un SMA modiic maigjumu
sastiviem. Risu veidoSanas dinamikaseéi®s rezuliti zem inten&as smaga transporta slodzes izmantojot
VESYS metodi pada, ka pigaujamais risu dZums 25mm tradicialiem asfaltbetona maijsimiem tiks
sasniegts jau pirmajasfaltbetona seguma kalpoSanas @ad

Haritonovs V., Smirnovs J., Naudzuns Btudy of the dynamics of permanent deformations fothe a

AC and SMA asphalt mixtures.

Asphalt pavement in actual circumstances is subgett the repetitive and changing transport load.aAresult

of the repetitive load impact, both elastic and spila deformations occur to the pavement. Accunadatf
plastic deformations in one or several layers letmsppearance of permanent deformations or ruttifilgis
type of deformations reduces safety and conveniehtraffic. Aim of the research is investigatioftioe rutting
dynamics on the dense graded AC and stone mas#caShalt mixtures. The research has been madsibg u
the standard performance test method - wheel trackest. Five compositions of the dense graded asph
concrete mixture AC and two compositions of thaestoastic asphalt SMA with the conventional aggieegad
one reference mixture AC 11 with the Martin stdabsaggregate have been used in the experiment. The
B70/100 unmodified bitumen and SBS modified Mo8B8& has been used for the investigated mixtures. Th
results have shown poor strain stability of the \@mtional mixtures with unmodified bitumen under bieavy
transport load, in comparison with the referencextomie AC-11 and SMA with modified bitumen. The Itesaf
investigating the rutting dynamics under the inte@sheavy transport load have shown that the albbwua
depth 25mm is reached already during the first yafathe asphalt pavement exploitation.

XapuronoBe B., Cmupnosc 10., Haymxyne 0. HUccienoBanue TUHAMUKU 00pa30BaHUSI OCTATOYHBIX
neopmainuii Ha achaabTodeToHHBIX cMecsix AC 11u SMA 11.

B peanvhvix ycnosusix 00opodicnoe ROKpbimue NOOSEPeaemcs YUKIUYECKOU HazpysKe, KOMOpYyio co30aém
mpancnopm. 1100 6o3deiicmeuem Hazpy3Ku 6 OOPON’CHOM NOKPLIMUU GOZHUKAIOM YHpYeue u Niacmuyeckue
depopmayuu. Haxanausanue naacmuyeckux oegopmayuii 8 O0OHOM UAU HECKOIbKUX CIOSAX OOPONCHO20
NOKpbIMuUsl, npusooum K OCMamoyHuiM Oegpopmayuam, m.e. Kk oopazosanuio xoieu. Imom 6ud odepopmayuu
00POIICHO20 NOIOMHA YMEHblULaem 6e30NACHOCHb 00OPOACHO20 OBUNCEHUS U KOMPOPM YUACMHUKOB OBUNCEHUSL.
Lenvio uccneoosanus sesiemcs onpedenerue OuHamuku odpasosanusi koneu 6 naomuvix AC u
webnemacmuunvix SMAacganbmobemonnvix nokpvimusx. Hcciedosanue nposedeHo ucnonv3ys cmanoapmubiil
Memoo mecmuposanusi IKCNIYAMAYUOHHbIX C60licme - mecm Ha onpedenenue obpasosanus xoneu (Wheel



Tracking test) {us ucnvimanus 6vii0o uzeomosieno 5 cocmaeos niomuozo acgaromodemona muna AC u dea
webnemacmuunvix acarvmobemona muna SMAc doromumnsim, epaHumubim U OUAOA3HBIM 3ANOTHUMENAMU,
a makaice odun cocmas AC na sanoanumene uz wnaxos mapmenoeckoi cmamu (MTS). ns uzseomoenenust
cocmagog Ovln npumenen ne moouduyuposannviii B70/100 u mooupuyuposannviti 6umym Modbit 80B.
Pesynomamol ucnvlmanus 6bis6UIU HUSKYIO OeDOPMAYUOHHYIO YCMOUYUBOCMb COCNABOS HA MPAOUYUOHHOM
sanoaHumene u bumyme no cpasrenuto ¢ smanoruvimu cocmasamu — AC 1lc sanornumenem MTSu SMA 16¢
MoOoupuyuposanuvim bumymom. Pezyromamer ucciedosanus ounamuxu oopazoéanus Koaeu noo 8030elcmeuem
UHMEHCUBHOU HA2PY3KU MANCEN020 mpancnopma, ucnoav3ys memod VESYS nokaszanu, umo odonycmumas
enybuna xoneu 6 25 mm 0151 MpAOUYUOHHLIX COCMAB08 achaibmobemona bydem 0OCMUSHYMa yice 8 Nepevill
200 IKCNIYyamayuy ac@anrbmobemonHo2o noKPbImus..



