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Scientific Novelty

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

2. For the first time among the papers devoted to asphalt pavement permanent strain
modelling, the Promotion Thesis provides the equivalent single-axle load ESAL
estimation equation for the period with maximally high road pavement
performance temperatures. The equation 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 circumstances.

3. The offered methods of permanent strain prediction are based on the viscous-
elastic system VESYS estimation 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
appropriate for the specific weather conditions and traffic load.

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

Urgency of the Subject

Asphalt pavement longitudinal deformation (rutting) is the most significant
defect of carriageway. Such road damages considerably reduce the service life and
carrying capacity of asphalt pavement, traffic safety and comfort level, increase the
road pavement operation and maintenance expenses. They negatively influence
several branches of Latvian national economy: transport and communication (I),
mining industry and quarry development (C), construction (F), and forestry (A). To
eliminate such damage, a large section of asphalt pavement has to be renovated,
which requires considerable financial investments and is hard to be implemented in
the current economic situation. This indicates to the fact that the urgent problem is to
predict and minimise road pavement permanent strain within the range of possibility.
Such prediction must be based on the existing traffic load and specifics of climatic
conditions.

The State Strategic Framework Document (VSID) for the period of 2007—
2013, in accordance with the current situation analysis, establishes deficiencies of the
roads operation, for instance, a large number of road accidents, the unsatisfactory
condition of the roads and their depreciation which can lead to loss of competitiveness
in provision of transit services [1].

The Promotion Thesis has been elaborated with account of requirements of the
currently effective technical regulations of Latvian transport structures “Road
Specifications 2010 and the State Standards (LVS). The experimental part has been
prepared by using new performance test methods for Latvian circumstances — the
wheel tracking (rutting) formation test and the uniaxial and triaxial cyclic loading test.



Practical Significance

The useful in practice and convenient methods of asphalt pavement strain
development prediction have been elaborated on the basis of the traffic load and the
climatic conditions characteristic for Latvia. The permanent strain development
dynamics have been analysed for conventional and modified asphalt mixtures. For the
first time, the traffic load characteristic for Latvian circumstances has been expressed
in equivalent single-axle load (ESAL) units. The new asphalt performance testing
methods have been approbated and recommended for Latvian circumstances. The
pavement quality provision system developed at the RTU Civil Engineering Science
Centre has been submitted to the Riga City Council Transport Department for
practical application. The obtained results can be used for improving the road-
building technical regulations “Road Specifications 2010”.

Aim and Tasks of the Promotion Thesis

The aim of the Promotion Thesis is to develop asphalt mixes by using
conventional and unconventional raw materials and to determine their strain
development dynamics by using for this purpose the developed methods of predicting
the road pavement permanent strain on the basis of comprehensive evaluation of
external factors.

Tasks of the Promotion Thesis

1. To analyse the mechanism of asphalt pavement permanent strain formation, the
existing prediction methods and main (internal and external) factors influencing
the strain.

2. To determine properties of the steel manufacturing byproduct — Martin steel slag,
as an aggregate, and to compare them with properties of conventional granite,
diabase and dolomite aggregates.

3. To mutually compare properties of the unmodified bitumen binder B70/100 and
the styrene-butadiene-styrene SBS polymermodified binder.

4. To develop and manufacture the AC and SMA asphalt mixtures by using
conventional and unconventional aggregates, as well as modified and unmodified
bitumen binders. To compare the results and to evaluate their conformity 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. To evaluate the results obtained by
different methods.

6. To statistically process the observation data — the traffic load and external air
temperatures characteristic for Latvian circumstances - and to analyse the asphalt
pavement 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 for the period with the maximally high performance temperatures.

8. By using strain properties of the asphalt mixtures obtained 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 climatic circumstances, to
investigate permanent strain accumulation of the developed asphalt mixtures.



9.

To develop a concept of the asphalt pavement quality provision system for the
intensively loaded Latvian streets and roads to allow performing systematic
evaluation.

Approbation of the Thesis and Publications

The Promotion Thesis results have been provided in the following scientific
publications:

1.

V. Haritonovs, J. Smirnovs, J. Naudzuns “Prediction of Rutting Formation in
Asphalt Concrete Pavement”. The Baltic Journal of Road and Bridge Engineering
Vol. 5. Nr. 1. Vilnius, 2010.

V. Haritonovs, J. Smirnovs, J. Naudzuns “Study of the Dynamics of Permanent
Deformations for the AC and SMA Asphalt Mixtures”. RTU Zinatniskie raksti.
Biivzinatne. Serija 2. S€jums 10. Riga, 2009.

V. Haritonovs, J. Smirnovs, J. Naudzuns “Investigation of the Dynamics of
Permanent Deformations for the AC 11 Asphalt Mixtures”. RTU Zinatniskie
raksti. Biivzinatne. S€rija 2. S€jums 9. Riga, 2008.

V. Haritonovs, E. Skukis, J. Smirnovs, J. Naudzuns , Asfaltbetona paraugu
mehanisko Tpasibu izmaina atkariba no slogoSanas atruma un temperatiiras”. RTU
Zinatniskie raksti. Arhitektiira un biivzinatne. Sérija 2. S€jums 8. Riga, 2007.

V. Haritonovs, J. Naudzuns, J. Smirnovs. ,MarSala testa piemé&rotiba risu
veidoSanas dinamikas izp&tei”. RTU Zinatniskie raksti. Arhitektiira un biivzinatne.
Sérija 2. S€jums 7. Riga, 2006.

V. Haritonovs, J. Naudzuns “Investigation of Rutting Formation”. The 26"
International Baltic Road Conference  Proceedings, 28-30  August, 2006.
Kuressaare, Estonia (an article in the conference theses publication).

V. Haritonovs, J. Naudzuns, J. Smirnovs ,,Bitumena saistvielas fizikalu un
novecosanas pasibu analize”. RTU Zinatniskie raksti. Arhitektiira un biivzinatne.
Serija 2. S§jums 6. Riga, 2005.

V. Haritonovs, J. Naudzuns, J. Smirnovs. ,,Cela segu risu veidoSanas c€lonu
noteikSana”. Civil Engineering 2005. International Scientific Conference
Proceedings. Jelgava, 2005.

V. Haritonovs, A. Veiksans, J. Smirnovs ,,.Skembu mastikas asfaltbetona ABS-16
ipaSibu izpéte”. RTU Zinatniskie raksti. Arhitektiira un biivzinatne. Sérija 2.
S&jums 4. Riga, 2003.

The Promotion Thesis results have been announced at the following international
scientific conferences:
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SMA Asphalt Mixtures”. 13 October 2009. Riga.
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Smirnovs “Prediction of Rutting Formation in Asphalt Concrete Pavement”. 24—
26 August, 2009. Riga, Latvia.
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Naudzuns ,,PaliekoSu deformaciju veidoSanas dinamikas izp&te asfaltbetona
maistjumiem AC 11”. 13. oktobris 2008. gads, Riga.

RTU Jauno Tehnologiju un inovacijas conference. V. Haritonovs. J. Naudzuns
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CONTENT OF THE THESIS
INTRODUCTION

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 deficiencies and the economic effect have been
substantiated. The aim and tasks of the Thesis have been formulated.

Object of the Research

Asphalt concrete is a typical composite material which is formed by two main
components with a completely different origin — bitumen (organic binder) and stone
material (mineral aggregate). Bitumen, being a binder of asphalt concrete, contains, at
least, four main components, which are of organic origin and have a large range of
molecular mass, volatility, structure and other properties. Aggregates are also formed
of various chemical compounds, but of inorganic origin. Asphalt concrete can fulfil
the anticipated functions only when a sufficiently strong adhesion link exists between
its components which depends on properties of the components and technologies of
their manufacturing and laying [2]. Professor I. Leonovch characterises the asphalt
concrete structure as a multi-component conglomerate system which mineral part is in
the bitumen binder medium, forming a uniform monolith [3].

Physical properties of asphalt pavement are characterised by three main
components of volume — bitumen, mineral material and voids. Mechanical properties
of asphalt pavement depend on properties, quantity and proportion of these main
components. The following volumetric parameters characterise the quantity and
proportion of main components in the compacted asphalt pavement: voids (V,), voids
in mineral aggregate (VMA) and voids filed with bitumen (VFB).

Current Situation on the Roads and in Latvian Transport Industry

Significant changes took place on the roads and in Latvian transport industry
during the last nineteen years. Due to transition from the earlier used GOST standards
to the FAS (Finnish Asphalt Specification) methods and, starting from 2004, to the
European Norms (EN), the quality provision requirements have changed. Alongside
with changes of the technical documentation, compositions of asphalt mixtures
changed as well. In place of the A, b, B, I' and ]I asphalt mixtures, designed in
accordance with the GOST methods [5], the SMA and AC mixtures, designed in
accordance with the “Road 94” requirements until 2004 and in accordance with the
“Road Specifications 2005” [6—7] requirements from 2004, started to be used for the
asphalt pavement wear course. These mixtures, being new for Latvian conditions,
have been the object of investigation of the world’s leading researchers for more than
forty 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
intensity is increasing with every year (see Fig. 1).



Alongside with development of the road-building materials industry in the
world, requirements to quality of raw materials and asphalt concrete are growing as
well. The range of asphalt concrete raw materials, modifiers and reinforcement
materials has become larger. It must be noted that volumes and costs of the road-
building works have considerably increased in recent years. However, asphalt
concrete and bitumen binder modifiers have not been extensively used, due to the fact
that such mechanical indices of asphalt concrete performance properties as, for
instance, the permanent strain formation slope, fatigue and stiffness, have not been
included in the effective technical requirements of recent years. As a result, asphalt
concrete designed and manufactured in Latvia, having low stability to strain under the
heavy traffic load, do meet requirements of the technical specifications. However, the
consequence is such that asphalt pavement longitudinal deformations or ruts on wheel
tracks are observed on more than a half of the streets and roads which have been
reconstructed in recent years and are intensively loaded.
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Fig. 1. Number of Freight Transport Vehicles Registered in Latvia [8-9]

LITERATURE SURVEY

The second chapter 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. The mechanics of pavement permanent strain formation has been analysed:
the condition of the stress strained asphalt pavement under the static and rolling wheel
load is described, stress distribution in one layer and multilayer systems, and the
mechanism of permanent strain formation. Asphalt mixture design methods have been
described and compared.

Permanent strain on a road or street is the main reason for hydroplaning of
cars. In accordance with researches of a number of scientists, ruts with the depth of >
13 mm become dangerous, when the driving speed exceeds 80 km/h [10].
Minimisation of such road pavement construction damage allows significantly
improving traffic safety and convenience. Therefore, it is required to develop methods
of permanent strain estimation (based on models and results of previous researches),
in order to timely predict and perform the road infrastructure repair. There are several



theories and methodologies that explain and describe asphalt concrete permanent
strain. The main of these are:
¢ linear and nonlinear resilience theory [11];
viscoelastic methodology (rheology models) [12];
elasto-viscoplastic methodology[13];
micromechanical methodology [14-15];

permanent strain equations obtained as a result of the laboratory research [16—
18].

Prediction of asphalt concrete stability is complicated due to many factors that
influence its properties. The main of these are a variable load rate and its loading
frequency, as well as considerable dependence of the properties from the temperature
and the load [19]. Development of a mechanical model for asphalt pavement by
evaluating all factors that influence its mechanical properties is very complicated. It is
possible either to shorten a large number of influencing factors, leaving some of the
most important ones, or to make time-consuming tests for determining other
parameters and to summarize them in one model. The largest deficiency of this
method is the considerable cost of equipment and experimental work. The most
perspective methods are based on the correlation “number of vehicle loading cycles —
strain”, where the number of cycles is expressed as equivalent single-axle load
(ESAL). To maximally approach to the real operation conditions, analysis of the
functions equations must be based on the parameters obtained from performance tests.
It means that manufacturing and loading of specimens, close to the real road or street
pavement loading, must be provided in the laboratory circumstances. By participating
in several research programmes, the RTU Civil Engineering Science Centre has
attracted resources to obtain the performance test equipment, this way providing an
opportunity to investigate the dynamics of asphalt concrete permanent strain
development in the laboratory circumstances.

By summarising information on asphalt pavement permanent strain, starting
from selection of raw materials and up to pavement usage, it has been established that
by now there is no single approach to investigation of permanent strain development
dynamics (comprehensive evaluation of external factors, prediction models, testing
methods). There is no quality provision system or method, which is convenient for
practical application, developed for road pavement.

Up to now, no practical experiments have been made for comparing strain
properties of conventional and unconventional mixtures with Martin steel slag (MTS)
aggregates to use this waste efficiently. At present, large MTS waste reserves are
being formed in the manufacturing industries of Latvia and Europe (their current total
available reserves at the Joint Stock Company “Liepajas Metalurgs” are
approximately 5 million m”).

Pursuant to this analysis, chief trends and parameters of the research which
influence mostly permanent strain formation in asphalt pavement have been
determined:

= asphalt pavement high performance temperature research;

= traffic load research and introduction of ESAL units of measurement in

permanent strain research;

= ESAL estimation equation development for the high performance

temperature period;

= permanent strain development prediction by means of performance test

methods — wheel tracking and cyclic loading tests;



= development of research objects — conventional and unconventional asphalt
mixtures and comparison of their properties;
= development of the quality provision system concept.

DESIGN OF ASPHALT MIXTURES, THEIR PHYSICAL AND
MECHANICAL PROPERTIES

The third chapter 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. The Promotion
Thesis problem solution includes usage of unconventional aggregates and modified
binders, which are resistant to plastic or permanent deformations, to develop asphalt
mixtures (See Fig. 2).

DESIGN OF ASPHALT MIXTURES (MARSHALL METHOD)

AGGREGATE BITUMEN BINDER
CONVENTIONAL UNCONVENTIONAL CONVENTIONAL
! B70/100
DOLOMITE, MTS AGGREGATE B70/100 +
GRANITE. DIABASE SBS

| | )

MANUFACTURING OF ASPHALT MIXTURES FOR RESEARCH OF STRAIN PROPERTIES

Fig. 2. Selection of Raw Materials:
— conventional raw material; => — unconventional raw material

Selection of Asphalt Concrete Raw Materials

Asphalt mixtures are manufactured by using conventional (B70/100) and
unconventional SBS polymermodified bitumen (PMB) binders. Latvian experience
shows that asphalt mixtures with bitumen B70/100 demonstrate unsatisfactory strain
properties, even when they meet requirements of local technical regulations — “Roads
Specifications 2010” (CS 2010). For this purpose, properties of bitumen binders
B70/100 and PMB have been investigated. 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 temperature and the higher Frass breaking point
temperature (See Fig. 3.a).

Asphalt concrete aggregates have been selected to contain the main natural
stone materials which are used for asphalt concrete manufacturing — dolomite, granite
and diabase (conventional aggregates). Properties of conventional aggregates and
Martin steel slag (MTS) aggregates have been investigated and their conformity to the

10



CS 2010 requirements has been evaluated. When comparing the obtained results, it
has been established that the MTS aggregate has lower resistance to fragmentation
(LA=10 and NT=4), better form (Flakiness index) (FI=3) and less filler (< 0.063 mm
= 0.1%; Fig. 3.b). The obtained results allow putting forward a hypothesis that, by
using MTS aggregates in manufacturing asphalt concrete, 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.
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Fig. 3. Comparison of Properties of Bitumen Binders (a) and Aggregates (b)
Design of Asphalt Mixtures

SMA and AC mixtures have been designed in accordance with the Marshall
method, by using conventional and unconventional raw materials. In total, seven
asphalt mixtures have been made, two of them having unconventional raw materials —
AC 11/Ref asphalt mixtures with MTS aggregate and bitumen B70/100 and SMA
16/Mod with granite aggregate and PMB binder (See Table 1). Analysis of physical
properties of asphalt mixtures (the compaction degree), which is characterised by
three volume parameters — voids (V), voids in mineral aggregate (VMA) and voids
filled with bitumen (VFB), has been made (See Fig. 4). The binder content has been
optimised and conformity of the mixtures to the CS 2010 requirements has been
evaluated. When analysing properties of the designed specimens, it has been
established that volume parameters of the AC test specimens meet the CS 2010
requirements. It is important to note that the SMA 16/Modbit test specimen, in case of
the optimum binder content, demonstrate 4.7% large voids, which exceeds the upper
limit stipulated by the technical regulations — 3.5%.

av,%
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0O VFB,%

VFB,%
VMA, %
V, %

BILIM 91/ jm
B70/100 5 70,100

B70/100 . AC
16/Lim 11/Ref

B70/100 5701100 B;;/’im 16/Gr
Modbit

Fig. 4. Physical Properties of Asphalt Mixtures
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Table 1
AC and SMA Asphalt Mixtures

Asphalt Aggregate Fraction d-D (mm), mass % — Bitumen

Mixture Type | 11-16 | 5-11 811 | 5-8 25 0-5 PO OmIe | B70/100 | ModBit
owder

AC 11/Lim” _ 37.7 _ _ 113 | 37.79 7.6 57 _
AC 11/D” _ _ 21.9 7.6 1.9 60.2 38 4.6 _
AC 11/Ref® | 14.0 29.8 - - - 42.9 6.5 6.8 _
AC 16/Lim 20.9 29.5 - - 1.0 37.1% 6.6 4.9 -
AC 8/Lim - - — 27.2 150 | 4229 9.4 6.1 -
SMA 16/Mod | 39.9 - 283 9.5 - 14.1 7.3 - 5.9
SMA 11/D - - 51.7 17.9 0.9 15.1 8.5 5.5 -
! Natural washed sand  ? Crushed sand % Lim — dolomite » Gr — granite
% D — diabase % Martin steel slag

Figure 5 provides a summary of mechanical properties of the test specimens:
compressive strength of the specimens under the static load at the temperature of 60
°C (Marshall stability) and displacement at the moment of deterioration (Marshall
flow), at the compaction degree of the specimens with the optimum binder or bitumen
content (See Table 1). Marshall specimens are 63.5 = 2.5mm high cylinders with the
diameter of 101.7 mm. When comparing the obtained results, it has been established
that the AC 11/Ref specimen, in comparison with other materials, has much larger
Marshall stability — 13 kN. It is to be noted that mechanical properties of all test
specimens conform to the CS 2010 requirements.
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Fig. 5. Mechanical Properties of Asphalt Mixtures: Marshall Stability (a) and
Marshall Flow (b)

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 determine and compare strain properties of the manufactured asphalt mixtures with
the help of the methods, which ensure manufacturing of specimens, testing
environment and loading, maximally close to the real road pavement performance
circumstances (performance testing methods, See Fig. 6).

12




METHODS OF INVESTIGATING STRAIN PROPERTIES

|

EMPIRIC TESTS
(MARSHALL TEST)

|
OPTIMAL BITUMEN
BINDER CONTENT
(MARSHALL METHOD) ! !

WHEEL TRACKING UNIAXIAL AND
TEST TRIAXIAL CYCLIC
LOADING TESTS

PERFORMANCE TESTS

MIXTURE LAYING ON
THE ROAD

|-| PERMANENT STRAIN PREDICTION
|

Fig. 6. Permanent Strain Research Methods Used in the Thesis:
— without evaluation of performance properties;
=> — with evaluation of performance properties

The following performance test methods have been used during the
experiments: the wheel tracking test (WTT), the uniaxial cyclic compression test
(UCCT) and the triaxial cyclic compression test (TCCT) (See Fig. 7.a and 7.b). The
WTT method determines the wheel pressing depth and the permanent strain rate under
the 700 N large load of the rotating wheel with the speed of 26.5 cycles per minute.
The test was performed in a heat-chamber at the temperature of 60 °C. Asphalt
concrete strain properties have been determined for the rectangular shape specimens
with the base area of 305%x305 mm. Thickness of the tested specimens conforms to
that of the pavement surface layer — 40 mm (See Fig. 8.b). The UCCT and TCCT tests
determine permanent strain of asphalt cylindrical specimens and the strain speed at
cyclic loading by applying several thousand loading cycles to the specimens. In the
triaxial loading case, horizontal confining stress has been applied to the specimens. It
limits lateral deformation of specimens and, in comparison with the uniaxial loading,
the triaxial one is much closer to the real road pavement performance circumstances.
The stiffness modulus has been determined for the cylindrical specimens (h=40 mm,
?¥=~100 mm; See Fig. 8.c) cored from asphalt concrete slabs by using the indirect
tension loading system (See Fig. 7.c).
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Fig. 7. Performance Tests:
a) uniaxial and triaxial cyclic loading tests; b) wheel tracking test;
¢) indirect tension test

b)

Fig. 8. Asphalt Concrete Specimens:
a) Marshall specimens; b) asphalt concrete slab; ¢) cylindrical specimens cut
from asphalt slabs
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PERMANENT STRAIN REASONS AND METHODS OF THEIR
EVALUATION

The fourth chapter provides analysis of external factors causing asphalt
concrete permanent strain — temperature and transport load. A certain concurrence of
these factors — transport load and pavement temperature — leads to the accelerated
permanent strain formation in asphalt pavement. 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 provides statistical processing of the observation data — transport load and
external air temperatures which are characteristic for Latvian circumstances. Stiffness
moduli and plastic deformations of asphalt concrete specimens have been determined
experimentally at high asphalt pavement performance temperatures. The asphalt
pavement high performance temperature and the equivalent single-axle load ( ESAL )
have been calculated for the hot (spring-summer) period in Latvia at the heavily
loaded Riga detour road A4.

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). Fir 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 (See Fig. 9). Asphalt specimens made of unconventional raw materials —
SMA 16 with polymermodified bitumen ModBit 80B and AC 11 with Martin steel
slag (MTS) — demonstrate a larger resilient modulus at the chosen test temperatures,
in comparison with conventional mixtures. Among conventional unmodified asphalt
mixtures, the best strain properties have been demonstrated by AC 16 with dolomite
and SMA 11 with diabase aggregates.
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Fig. 9. Asphalt Concrete Plastic (a) and Elastic (b) Deformations at Different
Temperatures

By using the empiric correlation of Professor Kiriukin, which is appropriate
for Latvian climatic circumstances — the temperature range of -35°C to -40 °C (1) [20],
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and the 2001-2008 air temperature data obtained by the State Limited Liability
Company “Latvian Environment, Geology and Meteorology Centre”) [21], the
number of days a year has been determined when the asphalt pavement surface
temperature exceeds +40 °C (See Table 2):

T, =-0,0306-T_

max

+3,8071-T, -39, (1)

where T,— asphalt pavement surface temperature, °C;

T —maximal air temperature at the chosen region, °C.

max

Table 2
Number of Days a Year when the Asphalt Pavement Temperature Exceeds +40 °C

Number of Days a Year with the Asphalt Pavement Temperature > 40
Month °C
2001 2002 2003 2004 2005 2006 2007 2008

Apl‘il 1 - — — - — — No data
May 4 9 5 4 5 1 6 | Nodaa
June 5 10 4 4 7 11 10 No data
July 20 19 23 11 23 23 4 No data
August 8 31 11 16 12 14 11 | Nodata
September - 6 2 — 4 1 _ No data
Total 37 75 45 35 51 50 31 | Nodaa

In accordance with the analysis of the air temperature 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 (See Fig. 10.a).
The annual average daily traffic (AADT ) during this period is maximal (See Fig.
10.b).
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Fig. 10. Dynamics of Changing External Factors:
a) Asphalt Pavement Temperature; b) Traffic Intensity

16




Traffic Load

Traffic axle load, intensity and driving speed are the second most important
external factor influencing permanent strain. To predict the rate of permanent strain
formation, comprehensive evaluation of the traffic load and intensity 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 [22]. The
admitted axle loads vary in different countries: in the USA — 8.2 tons over tandem
axle, whereas, in France, Spain and Belgium — 13 tons [23—24]. The admitted axle
load in Latvia is 11.5 tons. As road pavement is subjected to different traffic loads
with various configuration of axle types, the load equivalence factor has been
introduced and estimated ( EALF ) [22] to evaluate influence of any axle load effect
(equivalent to the 11.5 t heavy axle) by using “the fourth power law” (2):

AL )’
EALF = [IJ , @)

j

where AL; and AL, is axle load in tons for vehicles of i and j axle categories.

It has been established that the traffic intensity measurement unit currently
widely used in Latvia — the annual average daily traffic intensity ( AADT ) - is very
general and does not allow estimating axle loads precisely. To investigate the
dynamics of asphalt pavement permanent strain development in the thesis, the number
of axle (equivalent to the 11.5 t axle) loading cycles during the pavement designed
(service) period has been predicted for each weight category of heavy vehicles. It is
offered to express the traffic load characteristic for Latvian circumstances in ESAL
units of measurement by using the following correlation:

ESAL = f,-G- AADT -365- N, - EALF,, 3)

where ESAL — equivalent single-axle load (unit of measurement: the number of
vehicle axle (equivalent to the 11.5 t axle) loading cycles during the road pavement
service period);

f, — design lane factor;

G — traffic intensity growth factor;

AADT - annual average daily traffic intensity during the first year of asphalt
pavement performance;

N, —number of axles on each vehicle in axle category i;

EALF, —load equivalency factor for axle category 1.

The traffic intensity and load data have been obtained from the traffic statistics
station (SUS), 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 during 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;
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= 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 pavement 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:

G=|1+n"—1)/r=2430, 4)
where G — traffic growth factor;

r= ﬁ — 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 two-
axle cars, 4% - two-axle trucks, 1% - six-axle and three-axle trucks, 4% - four-axle
trucks and 16% five-axle freight trucks.

By using the earlier determined parameters — AADT ,EALF , G and the two-
way lane number coefficient f,= 0.5, the total ESAL for each vehicle weight

category has been calculated (See Table 3).

Table 3
ESAL and its Calculation Parameters
Vehicle | | ane Number | Growth AADT EALF, | Group Total
Axle Coefficient. f. G ’ (number) f ESAL x ESAL
Number > 10° x107°
2 axles 0.007 0.2
3 axles 1.05 0.46
4 axles 0.5 243 10,000 1.50 2.7 16.7
5 axles 1.76 12.5
6 axles 1.82 0.8

For further calculation, the ESAL value must be determined for the period

when rutting takes place — hot spring-summer months with asphalt pavement high
performance temperature. In accordance with the earlier introduced assumptions, the
ESAL calculation correlation has been made for the period with asphalt pavement
high performance temperature:

ESAL) = ESAL, -4, -a, -a, = 6452 (5)

and ESAL, = Y ESAL, /G =0,69x10°, (6)

where ESAL)” — equivalent single-axle load during the period with pavement high

performance temperature;
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ESAL, —equivalent single-axle load during the first asphalt pavement service year;

a,, a, — parameter which includes the season and the number of days a year with

asphalt pavement high performance temperature;
a, — parameter which includes the number of hours a day with asphalt pavement high

performance temperature;
G — traffic intensity growth factor.

PERMANENT STRAIN AND ITS PREDICTION

In the fifth chapter, test specimens have been experimentally tested with the
help of the performance testing methods (UCCT, TCCT and WTT). Plastic
deformations have been determined and deformation rates have been calculated.
Permanent strain development has been predicted by determining the functional
correlation constants of permanent strain prediction.

Cyclic Loading Test

The research described in the previous chapter has determined the highest
performance temperature of asphalt pavement — > +40 °C at which fast decrease of
the resilient modulus of asphalt specimens is observed. Permanent strain (See Table 1)
has been determined for the specimens on the cyclic loading equipment UCCT and
TCCT at the temperature of +40 °C, +50 °C and +60 °C. The specimens have been
cyclically loaded with the 100 kPa load and 0.5 Hz frequency. Duration of one cycle
is 2 s (1 s —loading and 1 s — unloading). In the triaxial loading, the specimens have
been applied the horizontal confining stress of 50 kPa.

When comparing the results obtained at different temperatures, it has been
established that:

= at +40 °C after ~ 500 loading cycles all specimens have the expressed stabilisation
zone (the strain rate is constant) without disintegration (See Fig. 11.a);

= at +50 °C after ~ 2500 loading cycles disintegration starts for the AC 11/Lim
specimens (See Fig. 11.b);

= at +60 °C disintegration is observed for the specimens AC 11/Lim, AC 11/D and
AC 8/Lim (See Fig. 11.c).

When analysing the triaxial test results, it has been established that the
disintegration zone is observed at none of the specimens. However, the total strain of
the AC 11/Lim and AC 8/Lim specimens after ~ 3600 cycles is 1-1.2%, which is
several times larger than for other test specimens: for the AC 11/Ref and SMA
16/Mod specimens with an unconventional aggregate — 0.1%, for the conventional
SMA 11/D, AC 16/Lim and the AC 11/D specimens — 0.3% (See Fig. 11.d).
Following analysis of the obtained “number of loading cycles - strain” correlation, it
has been established that the AC 11/Lim and AC 8/Lim specimens have larger strain
rate at the axial and triaxial loading.
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Fig.11. Cyclic Loading Test Results:
a) axial test +40 °C, 100 kPa, 0.5 Hz; b) axial test +50 °C, 100 kPa, 0.5 Hz;
¢) axial test +60 °C, 100 kPa, 0.5 Hz; d) triaxial test +60 °C, 100/50 kPa, 0.5 Hz

Wheel Tracking Test

Permanent strain has been determined experimentally for test specimens with
the help of the WTT method (wheel tracking test). The most significant difference of
this test from the UCCT and TCCT methods is the form of specimens (See Fig. 8.b)
and application of the load to surface of the specimens by a moving wheel with the
load of 700 N (See Fig. 7.b). The contact surface of the wheel and the specimen is 19
cm’. The equipment determines pressing of the wheel into the specimen (relocation)
up to 20 mm. Duration of the test is 20 000 cycles with the load of 26.5 cycles per
minute.

The obtained results (the “number of loading cycles - strain” correlation)
demonstrate similar graphic tendencies both at axial, and triaxial cyclic loading — the
largest plastic deformations appear for the AC conventional asphalt concrete mixtures,
and the lowest deformation is demonstrated by SMA 16/Mod (See Fig. 12). It is

important to note that the SMA 11/D conventional mixture has demonstrated the
second best result.
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Fig. 12. Wheel Tracking Test Results

The experimentally obtained correlation “number of loading cycles - strain”
has been analysed. The wheel tracking slope has been calculated by using the
formula:

PP
En1 — €2

WTSair =
n —n,

®)

where WTS,;, — wheel tracking slope, mm/1000 cycles;

eb, &b, —plastic deformation after n , n, loads;
n,, N, —number of cyclic loads at the start and finish of the creep curve stabilisation.
Table 4 provides summary of the researched indices of asphalt specimens

WTS,, . It is noted that since 2010 the strain rate has been regulated by the CS 2010
requirements [25] in Latvia, hereto the maximal WTS_, classification in accordance
with the LVS EN 13108-1 standard is one. When comparing the calculated strain

rates, it has been established that only three test specimens (AC 11/Ref, SMA
16/ModBit, SMA 11/D) have WTS,, < 1. It is important to note that the SMA-

16/ModBit mixture with WTS_, = 0.06, in accordance with the new CS 2010

requirements, is appropriate to be laid on the streets and roads with intensive traffic,
i.e. where the traffic intensity AADT > 3500 (See Table 4).

Rutting of the researched asphalt mixtures has been investigated by using the
power functions which is a mathematical model of the permanent strain prediction
[26-27]:

g, =a-N°, 9)

where ¢, — permanent strain, mm;

a, b — material constants;

N — number of loading cycles.

The a parameter characterises permanent strain increase at N =1, whereas the b
parameter — the strain increase rate.
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Table 4
Strain Rates of Asphalt Mixtures

Maximal WTS,;, Actual .
Category in WTS,; Requlr.emer‘lts of “Road
accordance with Category Specifications 2010”
Mixture Type LVS EN 13108-1 | (mm/1000
(mm/1000 loading loading AADT | AADT | AADT |\ 5r
cycles) cycles) <500 ?2(1)0 13550010 ~3500
AC 11/Lim 5.79
AC11/D 3.11
AC 11/Ref 0.56
AC 16/Lim 1.00 1.5 1.0 0.8 0.5 0.3
AC 8/Lim 6.87
SMA 11/D 0.49
SMA 16/ModBit 0.06

Accumulation of plastic deformation (¢ ,,) from the number of traffic loading
cycles (ESAL units) is expressed by the relation (10) [17]:

oe 0
=—P—_" (aN®)=ab-N"". 10
Em N aN( ) (10)

By cyclically loading the asphalt specimens, elastic and plastic deformations
appear. By assuming the elastic deformation ( &, ) in cyclic loading as a constant value

. . L ab .
and introducing the prediction parameters # =— and o =b—1, a model equation of

&y

the viscoelastic system (VESYS) has been obtained:

&
=u-N jeb e, (N)=p-& -N“. (11)

r

By analysing the WTT test results (See Fig. 12) and applying the linear
correlation curve methodology, as well as by considering the experimentally
determined resilient modulus of asphalt specimens, a mathematical model (11)
parameters x# and o have been calculated. The obtained results are summarised in

Table 5. The u parameter characterises the relation of plastic and elastic
deformations, whereas the o parameter — the permanent strain increase rate.
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Model Parameters for Permanent Strain Prediction

Table 5

Material Asphalt Mixtures

Parameter . AC AC AC SMA
ACTVLIm | i | ACTID T yper | demim | SMAYP | 11D Mod

E, MPa 17.5 16.4 32.2 115.3 55.8 68.6 164

&,, mm 20" 13.1" | 1407 11.2 16.5"" 7.61 3.0

&, [10’2], mm 58.4 43.2 31.9 13.2 32.1 23.5 6.13

H 0.16 0.17 0.08 0.47 0.17 0.35 8.95

a 0.629 0.695 0.745 0.524 0.617 0.458 0.172

Thickness, mm 40

K &,at 1700 cycles. ) &,at 5000 cycles. ) &, at 10 000 cycles.

To enable prediction of permanent strain, the following assumptions have been

used:

= rutting appears on roads or streets in accordance with the “number of loading
cycles - strain” correlation, which is obtained by performing the permanent strain
laboratory research with the help of the WTT method,
= rutting appears only in the asphalt concrete surface layer and is not related to
strain properties of the bottom layers, 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 million during twenty years (See

Table 3);

® rutting appears at the temperature of +40 °C and higher (See Fig. 9).
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Fig. 13. Permanent Strain Formation Dynamics (loading circumstances of the Riga
detour road A4)
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By considering the earlier determined resilient modulus of the asphalt
specimens, depth of ruts and their rate results, permanent strain parameters and
external factors of permanent strain formation — local climatic circumstances and
traffic load expressed in ESAL units of measurement for the pavement high
performance temperature period, the theoretical dynamics of rut development for the
Riga detour road A4 (See Fig. 13) has been determined. By comparing the obtained
results for seven asphalt mixtures 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 cause hydroplaning when the driving speed exceeds 80
km/h, and this will be reached already during the first year of the road pavement
service (See Fig. 13). 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.

CONCEPT OF THE QUALITY PROVISION SYSTEM

In the fourth chapter, 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. The aim of the analysis
1s to discover deficiencies in the existing quality provision process.

It has been established that, irrespective of the clearly understandable
mechanics, the recommended specifications and general conformity of the asphalt
pavement layer formation stages to the quality requirements, at some renovated road
pavement sections of the Latvian roads ruts appear after a short period of payment
service. In order to avoid this, a concept of quality provision 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 procedure (See Fig.14) [28].

By analysing separate stages of the developed concept of the quality provision
system (See Fig. 14) and the results obtained in the promotion thesis, it has been
established that:

1. Under the impact of large traffic loads, considerable plastic deformations appear
in the dense graded AC asphalt mixtures, which are traditional for Latvian
conditions. However, in accordance with recommendations of associations of the
world’s leading asphalt concrete manufacturers EAPA, NAPA and AASHTO, AC
and SMA mixtures are appropriate for pavement of heavily loaded sections of
streets and roads [29-31, 6].

2. Asphalt concrete raw materials are classified and testing methods are selected in
accordance with requirements of the European standards (LVS EN 13043 for
aggregates, LVS EN 12591 for road bitumen, LVS EN 14023 for PMB bitumen),
and conformity of the classified raw materials is determined by considering the
local requirements of “Road Specifications 2010

3. Since 1994 asphalt mixtures in Latvia have been designed in accordance with the
Marshall method. It has been scientifically proven that optimisation of the
bitumen quantity with the help of the Marshall method gives similar results as the
latest SUPERPAVE method and the classical Hvim method [18].

4. In accordance with the CM Regulations No. 181, asphalt concrete, bitumen binder
and mineral material are included into the regulated sphere, which is subjected to
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the compulsory evaluation of conformity of products, processes and services, as
determined by the government [32]. In this system, the manufacturer must test the
asphalt concrete type (product testing prior to offering it on the market), develop
the production process control system and periodically test the material. It is
important to note that the type testing standard LVS EN 13108-20 includes
different performance testing methods, which have been used in the promotion
thesis (WTT, UCCT and TCCT), whereas, the WTT method, according to
requirements of the technical regulations “Road Specifications 20107, has been
included only since 2010. Therefore, asphalt mixtures manufactured in Latvia
have low strain properties, though they meet requirements of the local technical
regulations.
The asphalt mixture quality control in Latvia is performed in accordance with the
LVS EN ISO/IEC 17025:2005 standard method at an independent accredited
laboratory (third party) [33—34]. Methods and requirements of the standards (LVS
EN) are used for the quality control, determining physical and mechanical
properties of the asphalt mixture and cored specimens. It is important to note that
the manufacturer’s and the third party laboratory accredit the methods which are
stipulated by the local regulations, i.e. without performance testing. Reliability of
the results provided in the Promotion Thesis is ensured through usage of the
accredited WTT method.
When analysing the influence of the transportation and laying processes of the
manufactured material on the road pavement quality, it has been established that
they are not regulated. However, the LVS EN 13108-21 standard recommends
developing the mixture transportation procedure to minimize segregation. It is
important to note that the material laying quality depends on:

= properties of the laid asphalt concrete layer (temperature, thickness,

homogeneity of the layer);
= properties of asphalt concrete and raw materials (asphalt concrete type,
aggregate form and texture, grading and bitumen viscosity);
= weather circumstances (air and base layer temperature, wind speed);
= road-roller type (static, pneumatic or vibration roller) un speed of rolling;

Quality control of the laid mixture is performed by determining properties of the
asphalt core specimens (permanent strain since 2010). It is important to note that
the obtained results do not pertain to the entire road or street pavement, but only to
the specific places where the specimens have been taken. Still, at present there are
several progressive non-destructive methods developed in the world for
determining the compaction degree for the entire road pavement layer.

One of the reasons for rutting is the necessity to open traffic at the reconstructed
section as soon as possible. Opening a road for traffic must not be allowed until
the moment, when payment is cooled down and bitumen is sufficiently condensed
and structured. The minimum recommended time prior to opening a road for
traffic is 12 hours [35]. The rate of cooling down depends on properties of the
material and raw materials, thickness of the layer, air temperature and wind speed.
It is important to note that the researched specimens were tested in 24—48 hours
after their compaction (requirements of the EN standards).
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Selection of Asphalt Concrete Type (Grade)

Basic criteria — traffic load characteristics and temperature
of the environment

Substantiation: recommendations of EAPA, NAPA and

4L

AC asphalt concrete
e LVS EN 13108-1

SMA asphalt concrete
e LVS EN 13108-5

“Roads 94”

Selection of Raw Materials
Basic criteria of the selection:
e qualitative indices;
e conformity valuation confirmation (CE marking);
e predicted traffic intensity on the road or street section and

temperature
J L

Aggregate

e LVS EN 13043

Bitumen

e LVS EN 12591
Modified bitumen

e LVS EN 14023:2006

¢ Road Specifications 2010

Asphalt Concrete Mixture Manufacturing
Asphalt concrete is included into the
regulated sphere in accordance with the CM
Regulations No. 181

e RPK in accordance with LVS EN
13108-21

e Type testing in accordance with
LVS EN 13108-20

J L
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o Thickness, temperature and homogeneity of the laid
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o Evaluation of impact of weather circumstances
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Fig. 14. Concept of the Asphalt Pavement Quality Provision System:

— processes and procedures;
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The aforesaid certifies that, irrespective of some positive 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 satisfactory — the inadmissible ruts appear. The
Promotion Thesis, by analysing the developed stages of the quality provision system —
selection of the asphalt concrete type, requirements to raw materials, design and the
manufactured material quality control, offers some recommendations which
implementation could minimise rutting on the newly built Latvian streets and roads:

e improvement of requirements of the technical regulations ‘“Road
Specifications 2010 — approbation of new methods for performance testing
and their introduction for quality control of asphalt mixtures and cored
specimens;

e providing CE marking, which certifies that asphalt conforms to the EU
directives, i.e. the manufacturing process control has been elaborated and
certified, and main functional properties of the materials are periodically
determined at low and high temperatures, in accordance with the asphalt
concrete type testing standard LVS EN 13108-20;

e observation of the AASHTO and NAPA recommendations with regards to
manufacturing and laying of the SMA and AC mixtures, i.e., by using
qualitative aggregates and modified bitumen, strictly observing the material
supply sequence, temperature and duration of mixing at manufacturing,
mixing of the mixture at the start and finish of laying, thoroughly following
the procedure of rolling (the road-roller type, temperature, rolling speed, etc.);

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

e introduction of the methods determining progressive compaction for quality
control of the entire road pavement layer;

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

e development and introduction of the vehicle weight control system.
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CONCLUSIONS

1.

When investigating the rutting process, properties of the steel manufacturing by-
product — Martin steel slag (MTS), as an aggregate, have been experimentally
determined: its resistance to fragmentation (LA = 10 and NT = 4), the Flakiness
index (FI = 3) and the filler content (< 0.063 mm = 0.1%). The results confirm the
higher quality of the MTS aggregate, in comparison with conventional aggregates:
dolomite (LA =25, NT =18, FI=11, < 0.063 mm = 2.4%), granite (LA = 12, NT
=8, FI =12, <0.063 mm = 1.1) and diabase (LA = 13, NT = 10, FI =9, < 0.063
mm = 1.4%).

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 = 59x0.1 mm, the
softening point temperature = 68 °C), in comparison with B70/100 (71x0.1 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 created: AC 11/Ref with the
Martin steel slag (MTS) aggregate and SMA 16/Mod with the SBS modified
bitumen aggregate, as well as five mixtures 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 larger 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 experimentally determined for unconventional
(etalon mixtures) and conventional asphalt mixtures. By analysing the obtained
results, it has been established that at similar testing circumstances under cyclic
axial and triaxial loads, the conventional asphalt mixtures, in comparison with the
etalon mixtures, demonstrate 3—-10 times larger plastic deformation. No
deterioration zone has been established for the unconventional mixtures. Under
triaxial 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 WTS,r (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 (WTS, = 1 is the maximum category of the LVS
EN 13108-1 standard). However, only the SMA-16/ModBit mixture with WTS;;, =
0.06, in accordance with requirements of the “Road Specifications 20107, is
appropriate for being laid on the streets and roads which are intensively loaded
with traffic, i.e. where traffic intensity AADT > 3500. The unconventional AC
11/Ref mixture has WTS,ir of 0.56, WTS,ir of the conventional SMA11/D is 0.49,
and the wheel tracking slope WTS;;j, of other conventional AC mixtures is 1.5 to
6.86.

The equivalent single-axle load (ESAL) calculation correlation has been made for
the traffic load and climate conditions characteristic for Latvian circumstances. It
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has been proven that the unit of measurement used for traffic statistics in the
researches of permanent strain formation dynamics in Latvia — the annual average
daily traffic intensity (AADT) — is very general and inappropriate for investigating
the permanent strain formation dynamics. It is required only for the ESAL value
calculation.

By using the data obtained from the traffic statistics station (SUS) on the Riga
detour road A4, as well as the air temperature 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 intensity
data may differ from observations of recent years, the ESAL value is estimated on
the basis of several assumptions: the annual traffic intensity 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 assumptions 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-summer) period has been offered which allows, by considering
the traffic load expressed in ESAL units and the local climatic conditions, to
predict permanent strain in the laboratory circumstances. By predicting permanent
strain of the conventional and etalon mixtures characteristic 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,
design and quality control, recommendations have been provided to minimise
rutting on Latvian streets and roads.

10.1t has been demonstrated that SMA mixtures may be made also of unmodified

bitumen, if thorough calculation of the grading composition is made prior to the
manufacturing and qualitative aggregates are used.
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