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Abstract. The article presents the analysis of climatic conditions in the Republic of Lithuania and describes their influ-
ence on road asphalt concrete pavement. Dependence of the main properties of asphalt concrete mixtures on temperature
is described with the help of carried out experiments. Research findings show that the probability of plastic deformations
(rutting and corrugation) in asphalt concrete pavement is higher when the pavement temperature is 20-40 °C. Practical
application of the presented conclusions and recommendations will enable to reduce the occurrence of undesirable defor-
mations in asphalt concrete pavements and to improve traffic conditions on the roads.
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1. Introduction

The state road network of the Lithuanian Republic
is completely developed and makes up 21,315 kilome-
ters, 1,724 km of which are main roads, 4,864 km na-
tional roads, and 14,727 km regional roads.

Out of the total network, 9,226 km are gravel roads
and almost all of these roads are district roads. In 2002
the total length of local roads 1s 34,800 km in Lithuania.
Most of them are gravel roads.

Road pavement is one of the most important road
elements. Static and dynamic transport loads and envi-
ronmental factors continuously affect it. The properties
of asphalt concrete pavements vary depending on tem-
perature, level and frequency of loading and the compo-
sition of asphalt concrete mixtures.

At low temperatures, low load levels, and high fre-
quencies asphalt concrete materials are linearly viscous
elastic with hereditary characteristics. However, at high
temperatures slow loading rates and high loads, the be-
havior of the material tend to be nonlinear elastic viscous
plastic [1, 2].

These relatively weak pavements are considerably
influenced by climatic factors, which significantly vary
in Lithuania.

The climate of Lithuania, as a certain geographical
region, forms under the influence of global and local cli-
matic factors.

The most common climatic features of Lithuania are
influenced by the geographical location of its territory.
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Lithuania is located in the northem part of the middle
climatic zone. The distance of the territory from the Equa-
tor (6,100 km) as well as the North Pole (3,900 km) influ-
ence on the total radiation of the sun: on average, Lithuania
receives 3,600 MJ/m? per year, and the areas of the Equa-
tor receive 6,000-8,000 MJ/m?. The second global factor
is the prevailing western air masses transfer on middle
latitudes. This transfer occurs due to temperature and pres-
sure contrasts between high and low latitudes [3].

The local geographical latitude, sun radiation, atmo-
spheric circulation, and the interaction of these factors
with the surface of the Earth cause uneven distribution of
air temperature in time and space. Fluctuations of air tem-
perature due to the geographical latitude and sun radia-
tion are not great in Lithuania since its territory is located
between 53°34' and 56°27' of the northern latitude and
20°56' and 26°51' of the eastern longitude.

Due to the warming influence of the sea winter is
much warmer, spring is cooler, fall is longer and warmer.
The influence of the Atlantic Ocean is felt not only on the
seaside area, but also on the territory of the whole
Lithuania, the climate of which is much warmer than the
climate of continental regions on the same latitudes. The
average monthly temperature in January is almost ten
degrees higher than the average temperature of Central
Russia of our geographical latitude, and summer tempera-
ture fluctuations are inconsiderable. The main cause of
the Lithuanian air temperature deviations from the cli-
matic norm is atmospheric circulation, i.e. how far warm
and humid air penetrates into the continent.

The Lithuanian climate is described as medium cold
with snowy winter. The amount of precipitation is quite
high throughout the whole year, especially higher in the
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warm period. The average temperature of the coldest
month is lower than —3°C, and it does not exceed +22°C
during the warmest month. The average temperature of
not less than 4 months is higher than 10°C. Such climate
is typical of the central part of Eastern Europe. The cli-
mate of the western region of Lithuania is described as
medium warm since the average temperature of the cold-
est month is higher than — 3°C. This type of climate pre-
vails in Western Europe [4].

2. The Mazin Climatic Factors

2. 1. Thermal Conditions of Road Pavements in
Lithuania

Air temperature depends on the season of the year
and the region.

In autumn and winter the temperature in Western
Lithuania is 2-3°C higher than in the Eastern Lithuania.
The warming influence of the Baltic Sea is extremely
strong on the seaside area up to the Zemaiciai highland.
The meridional distribution of temperature testifies that
the Atlantic and Baltic thermal advection has the greatest
impact on the formation of thermal regime during this
time of the year {4].

In March the meridional distribution of temperature
remains only on the seaside area since it is more influ-
enced by the increase of the sun insulation, and the con-
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trast in temperature between the land and the sea disap-
pears. In April the sea area of water becomes cooler than
on the land on the latitude of Lithuania. However, the
cooling influence of the Baltic Sea is not great in April.
The average temperature is not higher than 5°C in 24 hours
in April (the earliest in south-west is at the end of the first
decade, and in north-west and east: at the end of the sec-
ond decade). At the end of spring and the beginning of
sumier the thermal contrast between the sea and the land
starts increasing again, but it is not as high as in winter. In
summer when cyclic activities weaken the relief has the
most intluence on the temperature distribution on the ter-
ritory of Lithuania since vertical temperature gradients
are the highest at this time of the year. In summer two
important factors, which influence on temperature (the
distance from the sea and the altitude of the location) com-
pensate each other. Due to the increasing altitude of the
location in Eastern Lithuania the air temperature is even
0.2-0.3°C lower in July than in the lowlands of Central
Lithuania. Therefore, due to the distance from the sea the
relief and the sun radiation, a specific climatic zone of
summes air temperature forms: territorial fluctuations
make up only 1.3-1.4°C in July; the lowest temperature
is in north-west, Zemaiciai highland as well as north-east,
and warm slopes of the middle reaches of the rivers
Nevezis and Nemunas, where air temperature reaches up
to 17.0-17.5°C in July (Table 1).

Table 1. Peculiarities of Lithuanian Regions and Sub districts

Regions Seaside Zemaiciai Central Lowland North-east Highlands
. Zemai- | The Mid- The
Sub districts Corro- Sea Seaside | .; High- | dle Venta Musa, 1y wer | Suduva | Dzukai Auks-
nian Spit | Shores [Low-lands Nevezis taiciai
lands |Low-lands Nemunas
Average anmual | g, | 6390 | 63-68 | 5759 | 60 | 5962|6367 | 64 |61-65| 5458
temperature (°C) :
The warmest
month and its July July July July July July July
July 17.2 July 16.5 July 16.6
average Y 16.0-16.6]16.3-16.7]16.1-16.4] Y 107 [16.6-17.1]16.0-17.5] Y T0° 116.9-17.516.7-17.1
temperature (°C)
The coldest
month and its February | February { January | January | January | Janvary i Januvary | Janvary | January | January
average tem- -3.2 -32 [-(4.2-3.8)]-(534T7) 46 [~(5.7-5.4)|-(50-44) -50 (-(5.8-5.2)[-(6.8-5.9)
perature (°C)
’;;sf‘g’rﬁ:;"“ PEL 1 ~700 | ~740 | 750-800 | 800-900 { 650-750 | 520-620 | 650750 | 550-650 | 600-700 | 600700
The duration of
theperiod With | 75 g9 | 70-75 | 75-80 | 90-100 | 80-90 | 85-100 | 75-90 | 80-85 | 85-100 | 100-110
snow layer (in
days)
The most 1. Transfer of marine weather to 1. Rise of wet air 1. Adiabatic weather |1. Increase of turbulentic air
important the continent. masses on the slopes |moving down from |circulation and thermal
processes 2. Breeze circulation on the of highlands. adjacent altitudes. convection on the uneven
in_ﬂuer}cing seashore. 2. The impact of locat [2. Poor conditions of {location.
chma_nc. ' altitude. flowing on the flat  |2. Impact of local altitude.
peculiarities surface. Reirrigation
of soil.
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An average air temperature is the same in July and
August on the seaside area (16.7-17.0°C), and the warm-
est period is in the third decade of July and the first de-
cade of August (17.5°C).

The coldest month of the year is January almost in
the whole territory of Lithuania (except seaside); on av-
erage, the temperature drops to —5.3—6.9°C in the third
decade. The coldest month is February in the seaside area
(-3.2°C), especially its second decade (-3.8°C).

Due to the delay of temperature extremes on the ter-
ritory of Lithuania, an average air temperature in August
is higher than in June. This difference is the highest on
the seaside area: ca 2.4°C, and it drops to 0.3-0.4°C in
the direction of east.

The change of air temperature in 24 hours is an im-
portant climatic indicator. The main factor, which influ-
ences the change of air temperature in 24 hours, is the
development of the radiation balance and its addends in
24 hours [4].

2.2. Soil Temperature and the Depth of Frost

Soil temperature depends not only on the factors
influencing the temperature, but also on the type of soil
and its mechanical composition, humidity, flora and a
snow layer. If compared with air temperature, on aver-
age, the surface of soil is 3—-6 °C warmer in summer and
colder in winter.

Temperature fluctuations of soil surface, the heat
conductivity of which is high, cause the same fluctua-
tions in the bottom layers of soil. Due to this heated thick
soil layer will accumulate more heat and will partially
compensate cooling at night [5]. The circulation of heat
in dry friable soils (heat conductivity of which is very
poor) occurs in a2 much thinner surface layer; therefore,
higher temperature amplitudes per 24 hours are typical
of them. For example, the surface of sandy soils heats up
to 38 °C in the daytime, and up to 11-12 °C at night in
the south-east of Lithuania in July. The temperature am-
plitude per 24 hours on the soil surface is 4-5 °C less on
Zemaiciai highlands where more humid clayey soils pre-
vail. In summer, the amplitude of temperature per 24 hours
reaches 4-5 °C in clayey soils, and it does not exceed
3 °C at the depth of 0.2 metres in loams.

Instantaneous temperature of soil at the positive ra-
diation balance reduces deeper (in the daytime), and when
the radiation balance is negative, it increases at night {5].
During the warm period the highest soil temperature is at
17.00-18.00 at the depth of 5 cm, and at 20.00-21.00 at
the depth of 20 cm. Temperature fluctuations in 24 hours
occur at the depth of 0.7-0.8 m in most soils.

If ground water does not lie deep, capillary humid-
ity easily reaches soil and flora. Due to this ground wa-
ter, which does not lie deep, cools soil in summer. In win-
ter, vice versa, it warms and checks freezing of deeper
layers of soil.

The least depth of frozen ground occurs in Zemaiciai
highlands since the thickest snow layer forms there (25—
30 cm). The greatest depth of frozen ground has been
observed in Southern Lithuania, where dry sandy soils
prevail; ground waters lie deep and the thickness of the
snow layer is 5 cm less than in Zemaiciai highlands. The
thickness of the layer of snow does not exceed 20-25 cm.
Due to this soil freezes comparatively deep basically in-
fluencing the depth of frozen ground. The greatest depth
of frozen ground is at the end of winter (February—De-
cember). The depth of frozen ground varies depending
on meteorological conditions in winter. During extremely
cold winters soil freezes up to 1-1.5 m. During warm
winters without snow the ground cannot freeze at all or it
can be not deep (10-20 cm) and unstable. Temperature of
soil under the snow layer is relatively stable and rarely
drops lower than — 10 °C. In spring the frozen ground
starts melting during the first decade in April (on aver-

age).

2.3. Precipitation

On average, precipitation is 675 mm per year in
Lithuania (44 km3 of water). According to the amount of
precipitation Lithuania is in the zone of excessive irriga-
tion since not all of it can evaporate.

According to the composition in phases liquid pre-
cipitation prevails in Lithuania (72-77% of the total
amount of precipitation). The second type is mixed pre-
cipitation (13—19%), and lastly, hard precipitation (snow
and ice) (6-9%). The least amount of precipitation is in
January-March (in February—April on the seaside area),
and the greatest amount is in June—August.

The maximum amount of precipitation is at the be-
ginning of summer in the east and South East of Lithuania
(70-80 mm precipitation in June—july). August is the raini-
est month in the west and north- west of Lithuania (90—
100 mm on Zemaiciai highland and 70-85 mm during
other months). The greatest amount of precipitation (80—
90 mm) on the seaside area is in September. Rain makes
up 30-40% of the total amount of precipitation on the
seaside area in winter and 5-15% in Eastern Lithuania.
In summer liquid precipitation makes up 98-99%; the rest
1-2% (1-3 mm) is mixed precipitation (which is mostly
hail with rain). The hard precipitation falls from October
until April; however, part of the total amount of precipi-
tation does not exceed 40—50% (36% on the seaside area)
even in January—February. The amount of precipitation is
almost the most varying climatic element in various years.

A very important indicator of precipitation amount
variation per year is the sum of precipitation during the
warm (April-October) and cold (November-March) pe-
riods. In Lithuania, 64-72% of annual amount of precipi-
tation falls during the warm period. This is a transitional
type of annual development of middle latitude precipita-
tion from marine to continental.
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On average the total duration of precipitation is
1,300-1,000 hours/ per year in Lithuania. The duration
of precipitation is less during the warm period than dur-
ing the cold period even if the amount of precipitation is
bigger. Precipitation lasts not longer than 3—4 hours in 24
hours in summer and 8-10 hours in 24 hours in winter (ca
90% cases).

Dry periods when there is no precipitation for 5-9
days in turn mostly occur in May (912 times in 10 years)
and rarely in December (7 times in 10 years on average).

The dates when the first snow falls are close to the
average dates when air temperature falls below zero. The
earliest dates of the first snow in the east and the north of
Lithuania are on approximately the 15th November, and
the latest on the Pajurys lowland on the 25th November.
However, permanent snow layer forms much later (after
3—4 weeks) due to frequent thaws. A permanent snow
layer is a layer which stays for not less than one month
with not longer than three—day breaks. The dates of per-
manent snow layer formation vary each year depending
on the type of weather and atmospheric circulation.

3. The Influence of Air Temperature on Plastic Defor-
mations in Asphalt Concrete Pavements

Scientists from various countries investigate the
specificity of climatic conditions, their variety as well as
the influence on the performance of road pavement con-
struction. A lot of attention is being paid to the study of
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thermal conditions and the influence of temperature on
the main characteristics of asphalt concrete pavement as
well as the analysis of undesirable plastic deformations’
occurrence [6, 7].

Road pavement directly influenced by vehicle wheels
and climatic factors constantly changes its properties when
pavement surface wears: wearing asphalt concrete course
becomes thinner and sharp edges of particles on the pave-
ment surface are polished; therefore, pavement strength,
roughness and traffic safety on the road decrease [8]. Cli-
matic factors and their impact on the pavement are not
the same as well. At the beginning of winter snow is usu-
ally ploughed from the carriageway to shoulders and
slopes of the embankment; therefore a thermal insulation
layer of certain thickness is laid and the road pavement
cools sooner [8-10].

Since traffic volumes, the number of heavy vehicles
as well as axle loads of these vehicles have increased on
the Lithuanian roads and streets recently, plastic defor-
mations such as rutting and corrugation form on road and
street pavements [11]. The occurrence of such deforma-
tions is increasing considerably during the hot period when
air temperature rises up to 25-30 °C, and asphalt con-
crete pavement heats up to 40-50 °C.

The Road Research Laboratory of the Department of
Roads systematized the average air and pavement tempera-
ture measurement data obtained on the motor roads of the
Vilnius region in July 2001. Data were received from the
RWIS (Road Weather Information System) database.
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Fig 1. Variation of air and road pavement temperature in 24 hours (maximum air temperature is 20-25 °C)
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Fig 3. Variation of air and road pavement temperature in 24 hours (maximum air temperatuare is >30 °C)
Measurements show that the temperature of pave- properties at a wide range of temperatures, be thermally
ment can reach even 48 °C in summer when the air tem- stable at high temperatures, maintain its deformation and
perature is 30 °C (Figs 1-3). plasticity properties at the low air temperatures, be resis-
When the road pavement temperature increases, vis- tant to the occurrence of plastic deformations under the
cosity of bitumen in an asphalt concrete mixture decreases. influence of various climatic factors and motor vehicle
The adhesion of mineral materials weakens as well and traffic {12-14).
which decreases asphalt concrete strength. The resistance to the occurrence of plastic deforma-
When the temperature decreases a reverse process tions is closely connected with the strength of asphalt
occurs: viscosity of bitumen increases and the strength of concrete. The higher the asphalt concrete strength is dur-
asphalt concrete increases. When strength changes, de- ing the hot period, the more stable the whole road pave-

formation properties of asphalt concrete pavement change ment is [15]. To resist the formation of plastic deforma-
as well. Working conditions of asphalt concrete pavement tions asphalt concrete shall comply with the following
require asphalt concrete mixtures used in laying road and condition:

street pavement to have structural as well mechanical
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2GhA
Rsk =

.9, m
Dtg(4+ 2)

O —calculated tensions influencing on the road pavement,
MPFa; h — thickness of asphalt concrete layer, cm; A - co-
efficient of vertical as well as horizontal tensions; D —
diameter of a wheel track, cm; @ — angle of internal fric-
tion of asphalt concrete.

Following this formula, the thicker the asphalt con-
crete layer is, the more resistant to plastic deformations
the pavement is. However, this tendency is characteristic
only for a certain thickness of the pavement layer (10—
12 cm).

4. Carried out Experiments and Analysis of Findings

To identify the influence of air temperature on the
deformation properties of asphalt concrete mixtures ex-
periments studies have been carried out in the Automo-
bile Road Research Laboratory of the Department of
Roads.

Granite crushed stone as well as its siftings produced
by company “Granitiné skalda”, mineral powder produced
by company “Kalcitas”, and bitumen B 70/100 produced

by company "Mazeikiy nafta” were used producing as-
phalt concrete mixtures.

Asphalt concrete mixtures /11V and 0/16S-V con-
taining different amount of bitumen were produced and
studied. The grading of all mixtures complied with the
mean of the curves of dense mixtures. The temperature
of the investigated asphalt concrete mixtures was changed
from 20 °C up to 80 °C, at the interval of 10 °C. The find-
ings of asphalt concrete mixtures Marshall stability and
flow are presented in Table 2 and Figs 4-7.

The findings of carried out experiments show that
Marshall stability of asphalt concrete mixtures 0/11 and
0/16S-V decreases considerably when the tempera-
ture increases. This tendency is evident when the tem-
perature of asphalt concrete increases from 20 °C to 40 °C.
The greater the contents of bitumen in asphalt concrete
mixture is, the less stable it is when the testing tempera-
ture is increased. The influence of bitumen contents on
the variation of Marshall stability of asphalt concrete
mixture is greater for asphalt concrete mixture 0/11V when
the testing temperature is increased (Fig 4).

Marshall flow of asphalt concrete mixtures increases
considerably when the testing temperature varies at the
interval of 2040 °C. Marshall flow does not increase
considerably at the interval of 40 °C to 80 °C when the
testing temperature is increased.

Table 2. Dependence of of asphalt concrete mixture Marshall stability and flow on temperature and bitumen content

. Testing temperature
Bé:)t:tl::? 20°C [ 30°C_ | 40°C__]| 50°C__| 60°C | _70°C__| 83°C
Asphalt concrete Marshall stability, KN
Mixture 0/11V
53 48,60 38,17 27,74 22,46 17,17 13,31 9,46
5,6 48,57 36,79 25,02 20,93 16,84 13,13 9,41
59 48.53 35,41 22,29 18,48 15,39 12,26 9,38
6,2 48,53 34,64 20,74 16,78 12,82 10,60 837
6,5 48,41 33,38 18,36 14,64 10,91 9,32 7,72
6,8 48,29 32,13 15,98 13,20 10,42 8,75 7,07
Mixture 0/16S-V
4,6 4892 37,59 26,26 20,75 15,23 12,74 10,24
4.9 48,80 37,42 26,03 19,83 13,62 11,67 9,71
5,2 48,68 37,24 25,80 19,03 12,30 10,68 9,07
5,5 48,64 36,52 2439 17,64 10,88 9,67 8,46
5,8 48,60 36,21 23,82 17,32 10,88 9,31 7,80
9,1 48,56 35,90 23,24 16,95 10,66 8,90 7,14
: Asphalit concrete Marshall flow, mm
Mixture 0/11V
53 1,43 2,48 3,53 3,57 3,60 3,57 3,54
5,6 : 1,58 2,74 391 3,97 4,03 3,99 3,95
5,9 1,73 3,01 4,29 4,26 4,35 436 437
6,2 1,83 3,25 4,66 4,63 4,59 4,64 4,69
6,5 3,39 4,35 5,31 5,32 5,32 5,46 5,60
6,8 4,95 5,46 5,96 5,98 6,00 6,26 6,52
Mixture 0/16S-V

4,6 1,5 2,37 3,22 3,08 2,94 3,09 3,26
4.9 1,62 2,59 3,56 3,49 3,43 3,25 3,91
5,2 1,73 2,82 3,90 391 3,90 3,92 3,94
5,5 1,80 3,31 4,81 4,83 4,84 4,85 4,86
58 1,84 3,40 4,96 4,95 4,93 4,86 5,06
9,1 1,88 349 5,10 5,19 5,29 5,29 5,26
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Fig 7. Dependence of asphalt concrete mixture 0/16S-V Marshall flow on temperature and bitumen content

The obtained research findings correlate with the
researches carried out by scientists from other countries.
Researchers from other countries study the change of plas-
tic characteristics of asphalt concrete mixtures depend-
ing on temperature. Depending on the types of used as-
phalt concrete mixtures, characteristics of binder and its
content in mixtures, the interval of temperatures at which
plastic properties of asphalt concrete change most is tried
to be identified. Having identified the interval, the aim is
to avoid the load of heavy vehicles during the hot period
by restricting traffic volumes of heavy vehicles. In some
countries the recommended interval of heavy traffic re-
striction differs and depends on the concrete climate of
the country. Specific Lithuanian climatic conditions and
characteristics of road construction materials used in our
country were taken into account as well.

5. Conclusions

I. The main climatic factors of the Lithuanian Re-
public (air temperature, depth of frozen ground, the wind,
the sun radiation, precipitation) have great influence on
the design, construction, and maintenance conditions of
roads and streets.

2. The formation of plastic deformations (rutting and
corrugation) in asphalt concrete pavement in summer
depends not only on the used type of asphalt concrete
mixture, the quality of materials, size of vehicles axle load,
driving regime, but on the air temperature as well.

3. Measurements of air and asphalt concrete pave-
ment surface temperatures showed that when the air tem-
perature changes from 20 °C to 30 °C, pavement heats
up to 40-50 °C.

4. The findings of experiments carried out in the labo-
ratory show that the most dangerous interval of tempera-

tures on plastic deformations in asphalt concrete mixtures
is from 20 °C to 40 °C.

5. To avoid the occurrence of plastic deformations,
(rutting and corrugation) on roads and streets, traffic of
heavy vehicles shall be restricted on hot summer days
from 10.00 a.m. until 7.00 p.m. when the temperature of
pavement rises up to 30-50 °C. Firstly, it shall be imple-
mented on our roads, where the index of heavy transport
is higher than 3,200.

6. In summer, when air temperature is higher than
20 °C, the permitted loading and axle load of heavy ve-
hicles shall be kept under strict contro! and heavy fines
shall be levied on those exceeding them. It shall enable to
decrease the occurrence of undesirable deformations on
motor road pavement.
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