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Abstract. This article gives the summary of the author’s PhD thesis supervised by Prof Dr Sc Ing Juris Rihards Naudzuns
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.
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prediction of permanent strain.

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 'OCT (eocyoapcmeernuiii
cmandapm CCCP) [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], b [B], B [V], T [G] and [] [D] asphalt mix-
tures, designed in accordance with the TOCT 9128-84
“Cmecu acpanvmobemontvie 0oposicHvie, A3poOpomMHbLe U
acpanvmobemon. Texnuueckue ycnosus” [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
Cels 94. Visparéjie celu buives tehniskie noteikumi. 6. dala.
Bituminetas segu konstrukciju kartas [Road 94] require-
ments until 2004 and in accordance with the Autocelu

specifikacijas 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
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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

DESIGN OF ASPHALT MIXTURES (MARSHALL METHOD)

AGGREGATE | BITUMEN BINDER
CONVENTIONAL | | UNCONVENTIONAL | | CONVENTIONAL |
! B70/100

DOLOMITE, GRANITE, DIABASE

MSS AGGREGATE

B70/100

|

+
SBS

MANUFACTURING OF ASPHALT MIXTURES FOR RESEARCH OF STRAIN PROPERTIES

Fig. 1. Selection of raw materials:

— conventional raw material; ms —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

Table 1. Asphalt mixtures

B Softening point, °C

B Penetration

25°C, x 0.1 mm
O Frassc breaking
point, °C
S TR 16
-25
B 70/100 ModBit 80B
Bitumen binders
| LA
E FI
O NT
[0 Filler, %

Dolomite Granite Diabase MTS

Aggregatess

Fig. 2. Comparison of properties

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) (Petkevicius, Sivilevi¢ius 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

Aggregate fraction d-D, mm Bitumen
Asphalt mixture type 11-16 5-11 8-11 5-8 2-5 0-5 Dolomite B70/100  ModBit
mass % powder
AC 11/Lim? - 37.7 - - 11.3 37.7Y 7.6 5.7 -
AC 11/D% - - 21.9 7.6 1.9 60.2 3.8 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 15.0 4221 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: ! natural washed sand; ?) crushed sand; 3 Lim - dolomite; ¥ Gr - granite; » D - diabase; © MSS.
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METHODS OF INVESTIGATING STRAIN PROPERTIES
EMPIRIC TESTS PERFORMANCE TESTS
(MARSHALL TEST) ; 1
OPTIMAL BITUMEN WHEEL UNIAXIAL AND TRIAXIAL
BINDER CONTENT TRACKING TEST CYCLIC LOADING TESTS
(MARSHALL METHOD)

MIXTURE LAYING ON THE ROAD |_| PERMANENT STRAIN PREDICTION

Fig. 3. Permanent strain research methods used in the thesis:

- without evaluation of performance

properties; m# — with evaluation of performance properties

strain properties have been determined for the rectangu-
lar shape specimens with the base area of 305x305 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, @ = 100 mm) cored
from AC slabs by using the indirect tension loading sys-
tem (Fig. 4).

AC slab

cylindrical specimens cut
from asphalt slabs

Fig. 4. AC specimens

a) uniaxial  b) wheel tracking ¢) indirect tension
and triaxial ~ test test
cyclic

loading tests

Fig. 5. Performance tests

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
oflocal 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 (Laurinavicius 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
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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:

ESAL = f; xGx AADT x365x N; x EALF,, (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); f; - design lane factor; G - traffic volume growth fac-
tor; AADT - annual average daily traffic volume 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 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:

(140" -1
r

G = 24.30, @)

i
where G - traffic growth factor; 7 =100~ 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 f; = 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

3.0 1
—a— AC 11/Lim /
25 4 —e— AC 16/Lim
AC 11/D
20 4 —w—MTS AC 11
© —s— AC 8/Lim //
£15 4 —es— SMA 16 ModBit
s L
) —+—SMA 11/D

20 30 40 50 60
Temperature, °C

Fig. 6. AC plastic strain at different temperatures
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Observation hour

Fig. 7. Dynamics of asphalt pavement temperature change

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:

ESALY = ESALya,aya; = 6452, 3)
ESAL
ESAL, = % =0.69x10°, (4)

where ESAL%P - equivalent single-axle load during the
period with pavement high performance temperature;
ESAL - equivalent single-axle load during the first asphalt
pavement service year; a,, a4, — 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 volu-
me growth factor.
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Table 2. ESAL and its calculation parameters

i Grou
Vﬁiizde 1;22%1212“35’? Growth, G Aép]?ir EALE.f ESAL x I1)0—6 ESAEOLago-tS
2 0.007 0.2
3 1.05 0.46
4 0.5 24.3 10.000 1.50 2.7 16.7
5 1.76 12.5
6 1.82 0.8

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):

e, =aN b, (5)

p

where & - 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 (g,,) from the
number of traffic loading cycles (ESAL units) is expressed
by the relation (Kenis 1997):

68p_i

b b-1
fed == aN = abN .
o oN N( )

(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
p and o have been calculated. The p parameter characteri-
ses the relation of plastic and elastic deformations, whereas
the a parameter — the permanent strain increase rate (Siva-
patham, Beckedahl 2005):

20 T -
18 / / / — AC 11/Ref — AC 16/Lim
/ / / AC 8/Lim — AC 11/D
16 // / — AC 11/Lim SMA 11/D
£ 14 — SMA 16/Gr_Mod
ES T/ _
g- 10 // / /
:% 8 /// /
s SV =
N =
N
0 # . . . ‘ ‘
0 1 2 3 4 5

Life time, years

Fig. 8. Permanent strain formation dynamics (loading
circumstances of the Riga detour road A4)

ep(N)=pe,N%, 7)
where g, - 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
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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 Autocelu specifikdacijas 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

Selection of Asphalt Concrete Type (Grade)

of the environment
Substantiation: recomendations of EAPA, NAPA

Basic criteria — traffic load characteristics and temperature

AC asphalt concrete
® LVSEN 13108-1
SMA asphalt concrete
® LVSEN 13108-5

and Ce/s 94

Aggregate

Selection of Raw Materials
Basic criteria of the selection
e qualitative indices;
e conformity valuation confirmation (CE marking);

and temperature

o predicted traffic intensity on the road or street section

e LVSEN 13043
Bitumen

e LVSEN 12591
Modified bitumen

e LVSEN 14023:2006

J\
j/

= -

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

-

Manufactured Material (Mixture)
e qualitative indices;
e predicted traffic volume and temperatue

Transportation

Minimisation of segregation during

transportation

Laying and Compaction
e thickness, temperature and homogeneity
of thelaid layer;
e quality indices of the laid layer and
raw materials;
o evaluation of impact of weather
circumstances

=~ -

Opening Traffic Movement
e laid pavement temperature;
o qualitative indices of the material at high
temeperature;
o traffic volume of heavy vehicles

[ ® Procedure to be developed inaccordance

o Autocelu specifikacijas 2010

® RPK in accordance with
LVSEN 13108-21

e Type testing in accordance with
LVS EN 13108-20

Laboratory accredited in accordance
with LVS EN 17025:2005

e AC—LVSEN 13108-1

® SMA—LVS EN 13108-5

o Autocelu specifikacijas 2010

with the LVS EN 13108-21;
e Grading test fot cored specimens —
FAS method

Quality control of asphalt mixtures

and cored specimens at the accredited
laboratory and evaluation of conformity
to requirements of the Autocelu
specifikacijas 2010

Recomendations about the temp. °C,
when loading of the road can be started
(min 12 hours)

Handover-Acceptance Statement and
Statement on Opening Tratfic Movement
Control: Construction Supervisor

Fig. 9. Concept of the asphalt pavement quality provision system:[__] - processes and
procedures; [__1 — 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 x 0.1 mm, the softening point temperature =
68 °C), in comparison with B70/100 (71 x 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 WTS;,
(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
max 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 Autocelu speci-
fikdcijas 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 WTS;, of 0.56, WTS ;. of
the conventional SMA 11/D is 0.49, and the wheel trac-
king slope WTS;, 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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