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1. State of the problem
Significant changes took place on the roads and in Latvian 
transport industry during the last nineteen years. Due to 
transition from the earlier used ГОСТ (государственный 
стандарт СССР) [GOST (State Standard of USSR)] 
standards to the FAS (Finnish Asphalt Specification) meth-
ods and, starting from 2004, to the European Norms (EN), 
the quality provision requirements have changed. Along-
side with changes of the technical documentation, com-
positions of asphalt mixtures changed as well. In place 
of the A [A], Б [B], В [V], Г [G] and Д [D] asphalt mix-
tures, designed in accordance with the ГОСТ 9128-84 
“Смеси асфальтобетонные дорожные, аэродромные и 
асфальтобетон. Технические условия” [Mixtures of As-
phalt Road, Airport and Asphalt Concrete. Specifications] 
methods, the stone mastic asphalt (SMA) and asphalt 
concrete (AC) mixtures, designed in accordance with the 
Ceļš 94. Vispārējie ceļu būves tehniskie noteikumi. 6. daļa. 
Bituminētās segu konstrukciju kārtas [Road  94] require-
ments until 2004 and in accordance with the Autoceļu 

specifikācijas 2005 [Road Specifications 2005] require-
ments from 2004, started to be used for the asphalt pave-
ment wear course. These mixtures, being new for Latvian 
conditions, have been the object of investigation of the 
world’s leading researchers for more than 40 years. These 
new types of asphalt mixtures, in contrast to simple or 
conventional compositions, have specific requirements. 
They need a new approach to design and manufacturing 
of the mixtures. By using technologies, raw materials and 
experience currently available with the manufacturers, the 
SMA and AC asphalt mixtures made and laid in Latvia 
show unsatisfactory strain properties, and, furthermore, 
the traffic volume is increasing with every year.

Research object. AC is a typical composite material 
which is formed by two main components with a comple-
tely different origin – bitumen (organic binder) and stone 
material (mineral aggregate). Bitumen, being a binder of 
AC, contains, at least, 4 main components, which are of 
organic origin and have a large range of molecular mass, 
volatility, structure and other properties. Aggregates are 

Permanent STRAIn development dynamics  
For asphalt pavement Materials 

Viktors Haritonovs
Transport and Traffic Science, Land Transport and Infrastructure Sector (P-06)

Dept of Road and Bridge, Riga Technical university, Āzenes 16/20, 1048 Riga, Latvia
E-mail: viktors.haritonovs@rtu.lv

Abstract. This article gives the summary of the author’s PhD thesis supervised by Prof Dr Sc Ing Juris Rihards Naudžuns 
and defended on 10 November 2010 at the Riga Technical University. Introduction provides characteristics of the object 
of the research – asphalt concrete – from chemical, physical and mechanical aspects. The current situation on the roads 
and in Latvian transport industry has been described, and urgency of the problem, the necessity to eliminate deficien-
cies and the economic effect has been substantiated. The aim and tasks of the thesis have been formulated. Chapter 1 is 
devoted to survey of the literature which provides new and the already known (classical) modelling methods of stress 
and strain of road pavement layers, as well as description of advantages and deficiencies of these methods. Chapter 2 
contains description of test methods used in the Promotion thesis. Properties of experimental specimens and their raw 
materials have been compared. Methods of designing asphalt mixtures are described. Chapter 3 provides analysis of ex-
ternal factors causing asphalt concrete permanent strain – temperature and transport load. In Chapter 4, test specimens 
have been experimentally tested with the help of the performance testing methods (wheel tracking test, uniaxial cyclic 
compression test and triaxial cyclic compression test). Plastic deformations have been determined and deformation 
rates have been calculated. In Chapter 5, the asphalt pavement quality provision system has been developed on the basis 
of the analysis of the obtained results and recommendations have been provided for minimising rutting. This thesis is 
written in Latvian and is available on http://ortus.rtu.lv/ web page and from the author upon request.

Keywords: asphalt concrete, modified bitumen, rutting, wheel tracking test, equivalent single-axle load, 
prediction of permanent strain.

PHD THESIS



136	 V. Haritonovs. Permanent Strain Development Dynamics for Asphalt Pavement Materials 

also formed of various chemical compounds, but of inor-
ganic origin.

Aim and tasks of the research – to develop asphalt 
mixes by using conventional and unconventional raw ma-
terials and to determine their strain development dyna-
mics by using for this purpose the developed methods of 
predicting the road pavement permanent strain on the ba-
sis of comprehensive evaluation of external factors.

Tasks of the Thesis:
1.	 to analyse the mechanism of asphalt pavement perma-

nent strain formation, the existing prediction methods 
and main (internal and external) factors influencing the 
strain;

2.	 to determine properties of the steel manufacturing by-
product – Martin steel slag (MSS), as an aggregate, and 
to compare them with properties of conventional gran-
ite, diabase and dolomite aggregates;

3.	 to mutually compare properties of the unmodified bitu-
men binder B70/100 and the styrene-butadiene-styrene 
SBS polymermodified binder;

4.	 to develop and manufacture the AC and SMA mixtures 
by using conventional and unconventional aggregates, 
as well as modified and unmodified bitumen binders 
and to compare the results and to evaluate their con-
formity to requirements of the technical regulations;

5.	 to determine strain properties of the developed asphalt 
mixtures by means of the cyclic loading and wheel 
tracking tests and to evaluate the results obtained by 
different methods;

6.	 to statistically process the observation data – the traf-
fic load and external air temperatures characteristic for 
Latvian circumstances - and to analyse the asphalt pa-
vement high performance temperature dynamics; 

7.	 to adapt the methods of the equivalent single-axle load 
(ESAL) estimation for the intensively loaded Latvian 
streets and roads and to develop the ESAL estimation 
equation (Eq) for the period with the max high perfor-
mance temperatures;

8.	 by using strain properties of the asphalt mixtures ob-
tained in the laboratory, the VESYS model, the load of 
heavy transport vehicles expressed in ESAL units, as 

well as, by considering the specific features of local cli-
matic circumstances, to investigate permanent strain 
accumulation of the developed asphalt mixtures;

9.	 to develop a concept of the asphalt pavement qual-
ity provision system for the intensively loaded Latvian 
streets and roads to allow performing systematic evalu-
ation.

2. Scientific novelty

To investigate road pavement strain properties at large 
traffic loads, unconventional asphalt mixtures – dense 
graded asphalt AC 11 with Martin steel slag aggregate and 
SMA 16 with modified bitumen – have been developed.

For the first time among the papers devoted to as-
phalt pavement permanent strain modelling, the Promo-
tion Thesis provides the equivalent single-axle load ESAL 
estimation Eq for the period with max high road pave-
ment performance temperatures. The Eq is made on the 
basis of the comprehensive evaluation of the traffic load, 
air temperature and asphalt pavement high performance 
temperature which are characteristic for local circums-
tances.

The offered methods of permanent strain prediction 
are based on the viscous-elastic system VESYS estima-
tion model with ESAL values specified for the hot period 
(spring-summer). It allows predicting permanent strain by 
considering traffic load expressed in ESAL units and local 
climatic conditions. Rutting prediction is done to timely 
select the asphalt pavement which is durable and appro-
priate for the specific weather conditions and traffic load.

The concept of the asphalt pavement quality provisi-
on system, which summarises all processes and their qua-
lity provision measures, has been developed to determine 
the existing deficiencies in the quality provision system 
and to eliminate them in practice.

3. Design of asphalt mixtures, their physical and 
mechanical properties

The Promotion Thesis problem solution includes usage of 
unconventional aggregates and modified binders, which 

Fig. 1. Selection of raw materials:   – conventional raw material;  –unconventional raw material
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are resistant to plastic or permanent deformations, to de-
velop asphalt mixtures (Fig. 1).

Asphalt mixtures are manufactured by using con-
ventional bitumen binder (B70/100) and unconventional 
SBS polymermodified bitumen (PMB) binders. For this 
purpose, properties of B70/100 and PMB have been in-
vestigated. By comparing the obtained results, it has been 
established that PMB binder has lower penetration (at the 
temperature of +25 °C), the higher softening point tem-
perature and the higher Frass breaking point temperature 
(Fig. 2).

AC aggregates have been selected to contain the main 
natural stone materials which are used for AC manufactu-
ring – dolomite, granite and diabase (conventional ag-
gregates). Properties of conventional aggregates and MSS 
aggregates have been investigated and their conformity 
to the CS 2010 requirements has been evaluated. When 
comparing the obtained results, it has been established 
that the MSS aggregate has lower resistance to fragmen-
tation (Los Angeles value LA = 10 and Nordic test value 
NT = 4), better form (Flakiness Index) (FI = 3) and less 
filler (< 0.063 mm = 0.1%). The obtained results allow put-
ting forward a hypothesis that, by using MSS aggregates 
in manufacturing AC, a material resistant to large loads 
will be obtained, having a large internal friction angle of 
its mineral skeleton, as well as excellent adherence of car 
tyres with road pavement will be provided.

SMA and AC mixtures have been designed in accor-
dance with the Marshall method, by using conventio-
nal and unconventional raw materials. In total, 7 asphalt 
mixtures have been made, 2 of them having unconventio-
nal raw materials – AC 11/Ref asphalt mixtures with MSS 
aggregate and bitumen B70/100 and SMA  16/Mod with 
granite aggregate and PMB binder (Table 1).

4. Methods of investigating strain properties

Methods for investigating strain properties of asphalt 
specimens have been selected in such a way as to achieve 
and solve the aims and tasks set in the Thesis, i.e. to deter-
mine and compare strain properties of the manufactured 
asphalt mixtures with the help of the methods, which en-
sure manufacturing of specimens, testing environment 

Fig. 2. Comparison of properties

 Bitumen binders

Aggregatess

Table 1. Asphalt mixtures

Asphalt mixture type
Aggregate fraction d–D, mm Bitumen

11–16 5–11 8–11 5–8 2–5 0–5 Dolomite 
powder B70/100 ModBit

mass %
AC 11/Lim3) – 37.7 – – 11.3 37.71) 7.6 5.7 –
AC 11/D5) – – 21.9 7.6 1.9 60.2 3.8 4.6 –

AC 11/Ref 6) 14.0 29.8 – – – 42.9 6.5 6.8 –
AC 16/Lim 20.9 29.5 – – 1.0 37.12) 6.6 4.9 –
AC 8/Lim – – – 27.2 15.0 42.21) 9.4 6.1 –

SMA 16/Mod 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 –

Note: 1) natural washed sand; 2) crushed sand; 3) Lim – dolomite; 4) Gr – granite; 5) D – diabase; 6) MSS.

and loading, max close to the real road pavement per-
formance circumstances (performance testing methods) 
(Fig. 3).

The following performance test methods have been 
used during the experiments: the wheel tracking test 
(WTT), (Fig. 5b: the uniaxial cyclic compression test 
(UCCT) and the triaxial cyclic compression test (TCCT) 
(Fig. 5a) (Petkevičius, Sivilevičius 2008). The WTT met-
hod determines the wheel pressing depth and the perma-
nent strain rate under the 700 N large load of the rotating 
wheel with the speed of 26.5 cycles/min. The test was per-
formed in a heat-chamber at the temperature of 60 °C. AC 
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strain properties have been determined for the rectangu-
lar shape specimens with the base area of 305×305 mm. 
Thickness of the tested specimens conforms to that of 
the pavement surface layer – 40 mm (Fig. 5). The UCCT 
and TCCT tests determine permanent strain of asphalt 
cylindrical specimens and the strain speed at cyclic loa-
ding by applying several thousand loading cycles to the 
specimens. In the 3-axial loading case, horizontal confi-
ning stress has been applied to the specimens. It limits 
lateral deformation of specimens and, in comparison 
with the uni-axial loading, the 3-axial one is much clo-
ser to the real road pavement performance circumstan-
ces. The stiffness modulus has been determined for the 
cylindrical specimens (h = 40 mm, Ø ≈ 100 mm) cored 
from AC slabs by using the indirect tension loading sys-
tem (Fig. 4).

5. Permanent strain reasons and methods of their 
evaluation 

A certain concurrence of external factors– transport load 
and pavement temperature – leads to the accelerated per-
manent strain formation in asphalt pavement (Kapski 
et al. 2008). The actual temperature of asphalt pavement 
changes depending on the air temperature, which, in its 
turn, depends on the season, time of the day and specifics 
of local climatic circumstances. The Promotion Thesis pro-
vides statistical processing of the observation data – trans-
port load and external air temperatures which are charac-
teristic for Latvian circumstances (Haritonovs et al. 2010).

5.1. Temperature influence evaluation 
Pursuant to the research of strain properties of asphalt 
specimens, the temperature has been determined at which 
asphalt pavement plastic deformation rapidly increases 
(the resilient modulus decreases). For this purpose, elastic 
and plastic deformations of the test specimens have been 
determined at different temperatures – from +20 °C to 
+60 °C. As the obtained results show, rapid reduction of 
the resilient modulus and increase of plastic deformation 
is observed at the temperature exceeding +40 °C (Fig. 6).

In accordance with the analysis of the air tempera-
ture data appropriate for Latvian climatic circumstances 
and the asphalt pavement high performance temperature, 
it has been established that asphalt pavement permanent 
strain can develop during the period of April to September 
from 7.00 to 21.00 (Fig. 7). The annual average daily traffic 
(AADT) during this period is max.

5.2. Traffic load
Traffic axle load, volume and driving speed are the sec-
ond most important external factor influencing perma-
nent strain (Laurinavičius et al. 2007). To predict the rate 
of permanent strain formation, comprehensive evaluation 
of the traffic load and volume has been made. To estimate 
the road pavement load carrying capacity, the equivalent 
single-axle load (ESAL) concept has been developed, when 
road pavement damages can be expressed with the help 
of the ESAL value depending on the axle load according 

Fig. 3. Permanent strain research methods used in the thesis:  – without evaluation of performance 
properties;  – with evaluation of performance properties

Fig. 4. AC specimens

Fig. 5. Performance tests

a)  uniaxial 
and triaxial 
cyclic 
loading tests

b) wheel tracking 
test

c) indirect tension 
test
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Technical Circular TC01-04 Pavement Structure Design 
Guidelines. It is offered to express the traffic load character-
istic for Latvian circumstances in ESAL units of measure-
ment by using the following correlation:

	 	 (1)

where ESAL – equivalent single-axle load (unit of measure-
ment: the number of vehicle axle (equivalent to the 11.5 t 
axle) loading cycles during the road pavement service pe-
riod); fi – design lane factor; G – traffic volume growth fac-
tor; AADT – annual average daily traffic volume during the 
first year of asphalt pavement performance; Ni – number 
of axles on each vehicle in axle category i; EALFi – load 
equivalency factor for axle category i.

The traffic volume and load data have been obtained 
from the traffic statistics station, which is located at the 
Riga detour road A4 (Baltezers–Saulkalne). As, due to the 
Latvian variable weather circumstances and unpredictable 
economic situation, external factors causing permanent 
strain can significantly differ from the ones observed du-
ring previous years, several assumptions based on these 
observations have been introduced: 

−− average annual traffic growth – 2%;
−− asphalt pavement service life in accordance with the 
project – 20 years;

−− number of days a year with asphalt pavement high 
performance temperature – 2%;

−− rutting takes place during the period of April to 
September from 7.00 till 21.00, when asphalt pave-
ment temperature may reach and exceed the critical 
performance temperature – (+40 °C);

−− during the period of April to September the ESAL 
value is 55% of the annual value, and from 7.00 till 
21.00 it is 85% of the daily value.

By assuming the annual traffic growth value (2%) and 
the designed pavement service life (20 years), the traffic 
growth factor (during 20 years) has been calculated:

	
	  (2)

where G – traffic growth factor;  – traffic average

annual growth rate; i – traffic growth rate a year – 2%; n – 
designed pavement service life in years.

For ESAL calculation, vehicles on the Riga detour 
road A4 have been divided with an hour interval, based 
on the vehicle weight category and number of axles. The 
analysis of the vehicle division data on the detour road 
A4 shows that 74% are 2-axle cars, 4% – 2-axle trucks, 1%   
6-axle and 3-axle trucks, 4% – 4-axle trucks and 16% 5-axle 
freight trucks. 

By using the determined parameters – AADT, EALF, 
G and the two-way lane number coefficient fi = 0.5, the to-
tal ESAL for each vehicle weight category has been calcu-
lated (Table 2).

For further calculation, the ESAL value must be de-
termined for the period when rutting takes place – hot 

spring-summer months with asphalt pavement high per-
formance temperature. In accordance with the earlier in-
troduced assumptions, the ESAL calculation correlation 
has been made for the period with asphalt pavement high 
performance temperature:

	    	 (3)

	     	   (4)

where  – equivalent single-axle load during the 
period with pavement high performance temperature; 
ESAL0 – equivalent single-axle load during the first asphalt 
pavement service year; a1, a2 – parameter which includes 
the season and the number of days a year with asphalt 
pavement high performance temperature; a3 – parameter 
which includes the number of hours a day with asphalt 
pavement high performance temperature; G – traffic volu
me growth factor.

Fig. 6. AC plastic strain at different temperatures 

Fig. 7. Dynamics of asphalt pavement temperature change
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5.3. Permanent strain and its prediction
Rutting of the researched asphalt mixtures has been in-
vestigated by using the power functions which is a mathe-
matical model of the permanent strain prediction (Rabbira 
Gabra  2002; Eisenmann 1987; Blab et al. 2004): 

	
	 (5)

where εp – permanent strain, mm; a, b – material con-
stants; N – number of loading cycles. 

The a parameter characterises permanent strain in-
crease at N = 1, whereas the b parameter – the strain in-
crease rate. 

Accumulation of plastic deformation (εpn) from the 
number of traffic loading cycles (ESAL units) is expressed 
by the relation (Kenis 1997):

	
	 (6)

By analysing the WTT test results and applying the 
linear correlation curve methodology, as well as by consi-
dering the experimentally determined resilient modulus of 
asphalt specimens, a mathematical model (7) parameters 
μ and α have been calculated. The μ parameter characteri-
ses the relation of plastic and elastic deformations, whereas 
the α parameter – the permanent strain increase rate (Siva-
patham, Beckedahl 2005):

	
	 (7)

where εr – resilient strain, mm.
To enable prediction of permanent strain, the follo-

wing assumptions have been used: 
−− rutting appears on roads or streets in accordance 
with the “number of loading cycles – strain” cor-
relation, which is obtained by performing the per-
manent strain; 

−− laboratory research with the help of the WTT 
method; 

−− rutting appears only in the AC surface layer and is 
not related to strain properties of the bottom lay-
ers, i.e. ruts are not the structural or impress result;

−− the surface layer has no temperature gradient, the 
temperature is constant in the entire material;

−− the traffic load expressed in ESAL units is 16.7 mln 
during twenty years (Table 2);

−− rutting appears at the temperature of +40 °C and 
higher.

By considering the earlier determined resilient mo-
dulus of the asphalt specimens, depth of ruts and their rate 
results, permanent strain parameters and external factors 
of permanent strain formation – local climatic circums-
tances and traffic load expressed in ESAL units of measu-
rement for the pavement high performance temperature 
period, the theoretical dynamics of rut development for 
the Riga detour road A4 (Fig. 8) has been determined. By 
comparing the obtained results for seven asphalt mixtu-
res designed during the research, it has been determined 
that the conventional dense graded AC mixtures have ruts 
≥ 13 mm deep, which becomes dangerous and may cau-
se hydroplaning when the driving speed exceeds 80 km/h, 
and this will be reached already during the first year of the 
road pavement service. It is important to note that, among 
three best specimens, there is one conventional SMA 11/D 
mixture with the diabase aggregate. This confirms that 
also unmodified bitumen is appropriate for manufacturing 
SMA mixtures, if, prior to manufacturing it, a thorough 
calculation of its grading composition is made. 

6. Concept of the quality provision system 

It has been established that, irrespective of the clearly 
understandable mechanics, the recommended specifi-
cations and general conformity of the asphalt pavement 
layer formation stages to the quality requirements, at 
some renovated road pavement sections of the Latvian 

Table 2. ESAL and its calculation parameters

Vehicle axle 
number

Lane number 
coefficient, fi

Growth, G AADT, 
vpd EALF, f

Group
ESAL × 10–6

Total 
ESAL × 10–6

2

0.5 24.3 10.000

0.007 0.2

16.7
3 1.05 0.46
4 1.50 2.7
5 1.76 12.5
6 1.82 0.8

Fig. 8. Permanent strain formation dynamics (loading 
circumstances of the Riga detour road A4)
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roads ruts appear after a short period of payment ser-
vice. In order to avoid this, a concept of quality provi-
sion system of asphalt pavement has been developed in 
the thesis which is the quality provision algorithm of the 
entire process and, thus, allows tracing its every proce-
dure (Fig. 9). 

The aforesaid certifies that, irrespective of some posi-
tive properties of the SMA and AC asphalt mixtures; there 
is no sufficient experience of their practical usage on the 
Latvian streets and roads. Their usage on the Latvian roads 
and streets demonstrate that the result is not satisfacto-
ry – the inadmissible ruts appear. The Promotion thesis, 
by analysing the developed stages of the quality provisi-
on system – selection of the AC type, requirements to raw 
materials, design and the manufactured material quality 
control, offers some recommendations which implemen-

tation could minimise rutting on the newly built Latvian 
streets and roads: 

−− improvement of requirements of the technical regu-
lations Autoceļu specifikācijas 2010 [Road Specifica-
tions 2010] – approbation of new methods for per-
formance testing and their introduction for quality 
control of asphalt mixtures and cored specimens; 

−− providing CE marking, which certifies that asphalt 
conforms to the EU directives, i.e. the manufactur-
ing process control has been elaborated and certi-
fied, and main functional properties of the mate-
rials are periodically determined at low and high 
temperatures, in accordance with the AC type test-
ing standard LVS EN 13108-20;

−− observation of the AASHTO and NAPA recom-
mendations with regards to manufacturing and 

Fig. 9. Concept of the asphalt pavement quality provision system:          – processes and 
procedures;            – quality provision measures
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laying of the SMA and AC mixtures, i.e., by us-
ing qualitative aggregates and modified bitumen, 
strictly observing the material supply sequence, 
temperature and duration of mixing at manufac-
turing, mixing of the mixture at the start and fin-
ish of laying, thoroughly following the procedure 
of rolling (the road-roller type, temperature, roll-
ing speed, etc.);

−− development of the procedure of asphalt mixture 
transportation and laying of each asphalt mixture 
type; 

−− introduction of the methods determining progres-
sive compaction for quality control of the entire 
road pavement layer;

−− collection of informative data (thickness of the 
road pavement structure and its separate layers, AC 
type, etc.);

−− development and introduction of the vehicle weight 
control system.

7. Conclusions

Properties of the unmodified bitumen binder B70/100 
and the SBS polymermodified bitumen binder have been 
experimentally determined. The results confirm the 
higher indirect viscosity indices of the modified bitumen 
binder at high performance temperatures (penetration at 
25 °C = 59 × 0.1 mm, the softening point temperature = 
68  °C), in comparison with B70/100 (71 × 0.1 mm and 
59 °C), though the Frass breaking point temperature is 
higher – (–16 °C) (–21.1 °C for B70/100).

Two unconventional asphalt mixtures have been creat-
ed: AC 11/Ref with the MSS aggregate and SMA 16/Mod with 
the SBS modified bitumen aggregate, as well as five mixtu-
res with conventional aggregates: AC 11/Lim, AC 8/Lim 
and AC 16/Lim with dolomite, AC 11/D and SMA 11/D 
with diabase. To determine the optimum content of the 
aggregate, the volumetric analysis (V, VMA and VFB) has 
been done with the help of the Marshall method. With 
the optimum content of the aggregate, SMA 16 has lar-
ger content of permanent voids  – 4.7%, and the AC  11 
mixture with the MTS aggregate has larger resistance 
when being statically loaded at the temperature of 60 °C 
(Marshal stability) – 13 kN. 

By using modern performance test methods (UCCT 
and TCCT), plastic deformation values have been experi-
mentally determined for unconventional (etalon mixtu-
res) and conventional asphalt mixtures. By analysing 
the obtained results, it has been established that at simi-
lar testing circumstances under cyclic axial and triaxial 
loads, the conventional asphalt mixtures, in comparison 
with the reference mixtures, demonstrate 3–10 times lar-
ger plastic deformation. No deterioration zone has been 
established for the unconventional mixtures. Under tria-
xial load at +60 °C, permanent strain is 0.1%, which is 
three times less than that of the SMA 11/D and AC 16/Lim 
(0.3%) mixtures and more than ten times less than that of 
the AC 11/Lim, AC 11/D and AC 8/Lim mixtures (1.2%). 

When analysing the wheel tracking slope WTSair 
(mm/1000 cycles) obtained by means of the wheel tracking 
test (WTT), it has been established that for three asphalt 
mixtures – AC 11/Ref, SMA 11/D and SMA 16/ModBit – the 
wheel tracking slope is less than one (WTSair = 1 is the 
max category of the LVS EN 13108-1 standard). However, 
only the SMA-16/ModBit mixture with WTSair = 0.06, 
in accordance with requirements of the Autoceļu speci-
fikācijas 2010, is appropriate for being laid on the streets 
and roads which are intensively loaded with traffic, i.e. 
where traffic volume AADT > 3500 vpd. The unconven-
tional AC 11/Ref mixture has WTSair of 0.56, WTSair of 
the conventional SMA 11/D is 0.49, and the wheel trac-
king slope WTSair of other conventional AC mixtures is 
1.5 to 6.86.

By using the data obtained from the traffic statistics 
station on the Riga detour road A4, as well as the air tem-
perature data for the period of 2001–2008, the equivalent 
single-axle load value has been estimated for the period 
with the road pavement high performance temperature. 
As in the future the traffic volume data may differ from 
observations of recent years, the ESAL value is estima-
ted on the basis of several assumptions: the annual traffic 
volume increase is 2%, the asphalt pavement service life 
is 20 years, and the number of days a year with asphalt 
pavement high performance temperature is 2%. These as-
sumptions are based on observations of the recent years 
and the results of many experiments. 

Methods based on the VESYS calculation model 
with the ESAL values calculated for the hot (spring-sum-
mer) period has been offered which allows, by conside-
ring the traffic load expressed in ESAL units and the lo-
cal climatic conditions, to predict permanent strain in 
the laboratory circumstances. By predicting permanent 
strain of the conventional and etalon mixtures characte-
ristic for Latvian circumstances, it has been established 
that the conventional AC mixtures have ruts ≥ 13 mm 
deep, which is dangerous when the driving speed exceeds 
80 km/h, and this will be reached already during the first 
year of the road pavement service. 

Asphalt pavement quality provision system has been 
developed and, by analysing its separate stages related to 
selection of the asphalt mixture type, manufacturing, desi-
gn and quality control, recommendations have been provi-
ded to minimise rutting on Latvian streets and roads.
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