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Abstract. In the economic evaluation of studded tyres their benefit and damage to the public was analyzed. Such aspects
as the price of studded tyres, their effect on braking distance, fuel costs, road pavement, pavement marking, initiation of
particulate mater and the increase in noise emisions were compared and analyzed. Based on the inquiry of tyre sellers
and executed calculations, it was determined that in Lithuania, in winter season about 15% of passenger cars use winter
tyres with studs, therefore due to the reduced number of road accidents (reduced number of people killed and injured)
the public receives the benefit of 1.81 mln EUR. However, due to the more expensive tyres, increased fuel consumption,
damages to horizontal pavement marking, negative impact of particulate matter on human health the public incur con-
siderably higher losses amounting even to 38.43-39.07 mln EUR.

Keywords: studded tyres, economic evaluation, fuel costs, road pavement marking, human health, particulate mater

(PM), noise emissions.

1. Introduction

In the last several years a number of passenger cars us-
ing studded winter tyres on Lithuanian roads have been
gradually decreasing. This fact is also confirmed by the
tyre sellers. Based on their data, 5-7 years ago the sales of
studded tyres for passenger cars made 40-60%, whereas,
in the last winter season of 2008 the sales of studded tyres
(and of those prepared for studding) made only 4-8% of
the total sales of winter tyres. Such a low percent of the
sales of studded tyres was influenced by the newly accept-
ed legal acts providing for a future prohibition of the use of
studded tyres on Lithuanian roads. Besides, the car owners
who travel or plan to travel by car to the European Union
(EU) member-states (starting with Poland and further to
the south) choose to buy non-studded winter tyres since
the use of studded tyres in those countries is prohibited.
Based on the above statistical data, it was assumed in
the calculations that in winter 15% of passenger cars use
studded winter tyres. Thus, in the economic evaluation of
studded tyres the analysis of their benefit and damage was
carried out, i.e. the following aspects were analyzed and
compared: the price of studded tyres; their effect on brak-
ing distance, fuel costs, road pavement, pavement marking,
initiation of particulate matter (PM) and on the increase

in noise emissions (Laurinavi¢ius et al. 2009; Vai$kunaité
et al. 2009).

2. Accident losses caused by passenger cars using non-
studded and studded tyres

Based on data of the Association of Companies for Road Ve-
hicle State Technical Inspection Transeksta, according to the
number of road vehicles presented for the initial technical
inspection Lithuania has ~1100000 of the used passenger
cars use, of which 15% (~165 000 units) are equipped with
winter tyres having studs. The driver, having acquired win-
ter tyres, uses them on the average for 4 years. Thus, the
additional costs for the Lithuanian drivers (between stud-
ded and non-studded winter tyres) will average to 1.91-
2.39 mln EUR/year:

AKZD X TZD
T
(46.34 —57.92) x 165000
4

=1.91-2.39 mln EUR/year, (1)

where K, p — additional annual costs for the Lithuanian driv-
ers having acq uired studded winter tyres, mln EUR/year;
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AK,, - difference between the prices of studded and non-
studded winter tyres, EUR; T, - number of passenger
cars equipped with studded winter tyres, units; Py — aver-
age service life of studded winter tyres, years.

If a theoretical assumption is made that the use of stud-
ded tyres in winter is obligatory, the additional costs for the
drivers (K p7) (between studded and non-studded winter
tyres) would amount to 12.74-15.93 mln EUR/year:

(46.34 —-57.92)x1100000
4

Kap =

12.74-15.93 mln EUR/year. 2

Many of world-wide investigations to determine a
percentage difference in road accidents using studded and
non-studded winter tyres showed that when using passen-
ger cars with studded tyres on snowy or icy road pavement
the accident risk is reduced by 5%, on dry and wet pave-
ment — by 2%. When using passenger cars with studded
tyres under various (all) traffic conditions the accident risk
is reduced by up to 4%.

Having calculated the average of accidents of 2005-
2008 winter seasons and the distribution of accident victims
according to pavement condition, it could be stated that in
this period the average number of accidents was 2329 where
267 people were killed and 2757 were injured. Since no data
is available on the type of winter tyres (studded or non-stud-
ded), it was assumed in the calculations that 15% of acci-
dent-involved passenger cars were using studded tyres and
85% - non-studded tyres. Correspondingly, accidents were
calculated where the passenger cars with studded tyres were
damaged. In the calculations the effect of studded tyres on
the accident risk was taken into consideration (i.e. the acci-
dent risk is reduced by 4% on the average).

It was calculated that 15% of the Lithuanian road us-
ers used studded tyres in winter, therefore, on the aver-
age 1.6 lives were saved and 16.54 less people were injured
every year compared to the case if all passenger cars had
used non-studded tyres. If accident costs are multiplied
by these reductions it is obtained that due to the use of
studded tyres in Lithuania the damage caused by road ac-
cidents is reduced by 1.81 mIn EUR/year on the average.
In the further analysis of this research, when calculating
damage caused by road accidents, the damage (theoretical)
caused by vehicles with studded tyres (from 1 November
to 1 April) was compared to that with non-studded tyres.
Definitely, this calculation is more theoretical since in this
case a legal act would be necessary prohibiting the use of
winter non-studded tyres. Accident-caused damage when
using passenger cars with non-studded and studded tyres
is given in Fig. 1.

Though, when using passenger cars with stud-
ded tyres under various traffic conditions, the risk of
accidents is reduced only by 4%, a number of people
killed and injured on the Lithuanian roads in the recent
4 years shows that the average theoretical difference in the
use of passenger cars with non-studded and studded tyres
makes 12.86 mIn EUR per year (Elvik, Vaa 2004; Kapski et
al. 2008; Tampere et al. 2009).

B Studded tyres

144.1
:1 B Non-studded tyres

Injured 150.11

:164.76

Killed
171.63

130 135 140 145 150 155 160 165 170 175 180
The accident-caused damage, mln EUR/year

Fig. 1. Determination of accident-caused theoretical damage
when using passenger cars with non-studded and studded
tyres (Accumulation and renewal of traffic data of the roads of
national significance, 2008)

3. The effect of winter tyres on fuel costs

Vehicle fuel costs are increased by 15% on icy and snowy
road pavements compared to dry roads. It was determined
in the foreign researches that when using a passenger car
with studded tyres the fuel costs increase from 1.2% to 2%
compared to non-studded tyres (Scheibe 2002; Zubeck et
al. 2004) and according to some sources — even from 4%
to 8%. Fuel costs in winter depend not only on the type
of tyres (studded or non-studded) but also on road main-
tenance, driving speed, mode of driving, etc. The Vehicle
Operating Costs (VehOC's) of a passenger car (EUR/1000
veh-km) under different pavement roughness in the year
2008 are given in Fig. 2.

£ 40 135014
e —e—Non-studded tyres

5 130 |-

@E —=— Studded tyres 129.95
(O]

2 120 -

=

v§§ 110 { -

25 100 -

=

5 88.33

s 90 7

o 84.95

g 80 ;

1 2 3 4 5 6 7 8 9
The pavement roughness, m/km
Fig. 2. Evaluation of the fuel costs of passenger cars using non-

studded and studded tyres (Accumulation and renewal of traffic
data of the roads of national significance, 2008)

With the help of Highway Development and Mana-
gement model-4 (HDM-4) the VehOC’s under different
pavement roughness were calculated. In the model the fuel
costs of passenger cars make 30-40% of the total transport
expenditures. In the calculations of this research it was as-
sumed that the fuel costs of a passenger car make 35% of
its total operating costs.

The annual average daily traffic (AADT) and its
composition on the roads of different groups by the dif-
ferent class of vehicles in 2008 are given in Table 1.
The AADT on all the roads of national significance is
1414 vehicles per day, of which 1087 are passenger cars.
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The AADT of passenger cars in the different group
of roads (Accumulation and renewal of traffic data of
the roads of national significance, 2008) is given in
Fig. 3.

The annual mileage by vehicles is the total amount of
vehicle kilometres per year on the considered road or its
section. This index reflects the size of the national vehicle
fleet and the volume of its use. The annual mileage AM is
calculated by the Eq (3):

AM = AADT x L x365; (3)

where AM - the annual mileage of the vehicle kilometres
per year, veh-km/year; AADT - annual average daily traf-
fic of the road section per day, vpd; L- length of the road
section, km.

The annual mileage by vehicles per a group of roads
is calculated as the sum of annual mileage on the separate
sections of this group of roads AM. Based on the previous-
ly analyzed statistical traffic data and the length of Lithua-
nian roads of national significance, the annual mileage was
calculated for the main and national roads in 2006-2008
(Fig. 4).

Having made the analysis of traffic volume of the
roads of national significance, it was calculated that from
1 November to 1 April the annual mileage by passenger
cars makes 35.80% of the total annual mileage.

Based on the statistical traffic data, traffic composi-
tion and the calculated annual mileage, it is possible to cal-
culate how many kilometres in the different group of roads
are travelled by passenger cars per year, how many kilome-
tres are travelled in winter and how many kilometres are
travelled by passenger cars with studded tyres.

In the beginning of 2009 the average pavement
roughness on the main roads was 2.27 m/km, on national
roads - 3.16 m/km, and on regional roads - 4.50 m/km.
Based on the calculated annual mileage by passenger cars
with studded tyres in winter (Fig. 5), the average pavement
roughness and the difference in fuel costs under the exist-
ing pavement roughness (Fig. 2), it is possible to calculate

1087 B Main roads

B National roads

297

O Regional roads
W All roads

1663
5989

Fig. 3. The AADT of passenger cars in the different group of
roads (Accumulation and renewal of traffic data of the roads of
national significance, 2008)

S m2006 2007 02008 S80S

% =

g3 . s

£ E 6000 N S ——

5 £ 2000 L s s

g > 23892273 279629113128 )

S o 3000 2389

2 = 2000 - - o -

= 1000 - o -
Main Main roads Mainroads  National Main and
roads Al-A2 Al-A18 roads national

rods

The different group of roads

Fig. 4. The calculated annual mileage in the different group of
roads depending on traffic volume and length of road sections

what is the increase in the annual fuel costs for the road us-
ers travelling by passenger cars with studded tyres:

Cp = AMpc X RVppgcs (4)

where Cp - the annual fuel costs for the road us-
ers travelling by passenger cars with studded tyres,
mln EUR/year; AMp - the annual mileage by passenger
cars with studded tyres in winter per year, veh-km/year;
RVpppc - the ratio between values of the average pave-
ment roughness and of the difference in fuel costs under
the existing pavement roughness per kilometer, EUR/km.

Table 1. The AADT of all the classes of vehicles in the different group of roads (Accumulation and renewal of traffic data of the roads

of national significance, 2008)

AADT, vpd
9
—~ 52
U — qf Q
Road group = & 8 2 9 g = = i Q 3 g 5= z
- = — = =1 b a1 % 3} 8. ©
S ¢ & & & =2 E B Y I F & g7 8
= = o N %)
s 5 = 2 5 3 = ZE 7
& = = = E
—
Main roads 8100 11 5989 288 66 369 90 198 77 131 864 17 6 657 1443
National roads 2092 0 1663 80 19 102 28 51 21 19 95 14 1846 246
Regional roads 375 2 297 17 4 17 9 9 6 4 7 3 333 42
All roads 1414 2 1087 54 13 66 20 34 15 18 98 7 1209 205
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It is possible to calculate by the Eq (4):
On main roads:

205.90 x 106 x3.51x%x 10_9 =0.72 mln EUR/year;
On national roads:

164.00x10° x3.72x10~° =0.61 mln EUR/year;
On regional roads:

82.91x10° x4.22x10™° =0.35 mln EUR/year;
Total: 1.68 mln EUR/year.

-

[

%“ 4000 7383440

@ 5 3500--- . g [m] Ally}earround

& 2 3000 4 R . B In winter

g E 2500 . B With studded tyres in winter
25 2000
L > 1543.90

e 1. 137270 | e AN
Ec 150 1093.10

=, 1000 R

E § 500

g ©° | 164.00

o 0 ‘

= Main roads National roads Regional roads

The different group of roads

Fig. 5. The calculated annual mileage in the different group of
roads depending on the season of the year

It was determined that when using passenger cars
with studded tyres their fuel costs are increased by 4%,
the road users (owners or managers of vehicles), solely on
the roads of national significance, incur the additional fuel
costs of 1.68 mIn EUR/year.

Theoretical damage to the road users due to the in-
creased fuel costs, if all passenger cars had to obligatory
use studded tyres in winter, solely on the roads of national
significance, would make 11.24 mIn EUR/year of addition-
al fuel costs. It is possible to calculate:

Crp = AMppe X RVpppcs (5)

where Cy; - the annual fuel costs for the road users trav-
elling by passenger cars with studded tyres (if all passen-
ger cars had to obligatory use studded tyres in winter),
mln EUR/year; AMyp- — the annual mileage by passenger
cars with studded tyres in winter per year (if all passenger
cars had to obligatory use studded tyres in winter, from
1 November to 1 April), veh-km/year; RVppp- - the ra-
tio between values of the average pavement roughness and
of the difference in fuel costs under the existing pavement
roughness per kilometer, EUR/km.

It is possible to calculate by the Eq (5):

On main roads:

1372.70%10° x3.52x10"° = 4.83 mln EUR/year;
On national roads:

1093.10x10° x3.73x10™ = 4.08 mln EUR/year;
On regional roads:

552.70x10° x 4.22x10™° =2.33 mIn EUR/year;
Total: 11.24 mln EUR/year.

4. Damage to the environment due to the initiation of
particulate matter and noise from winter tyres

Global changes affecting climate change are greenhouse ef-
fect and the depletion of the ozone layer. Lithuania, having
ratified the Kyoto Protocol in 2002, like other EU coun-
tries committed itself in 2008-2012 to reduce its green-
house gas emissions by 8% compared to the year 1990 (En-
vironmental Impact Assessment of the Reconstruction of
the Road A5 Kaunas-Marijampolé-Suwalki 22.0-56.5 km
section; Environmental Impact Assessment of the Vilnius
City Southern By-pass Between the Roads Al Vilniaus-
Kaunas-Klaipéda and A3 Vilnius-Minsk 0.0-7.6 km sec-
tion). Gases, exhaust from road vehicles and affecting
regional pollution, are as follows: nitrous oxide (NOx),
sulphur oxide (SO,), volatile organic compounds (VOCs),
carbon monoxide (CO), particulate matter (PM, ;). The
amount and composition of pollutants exhaust from road
vehicles into the ambient air depend on the annual aver-
age daily traffic, share of heavy traffic, annual mileage, fuel
quality, technical characteristics of vehicles, number of
stops and starts, traffic congestions, etc. (Gustafsson et al.
2008; Ketzel et al. 2007; Kupiainen 2007; Schmit, Schlen-
der 2003; Vallius 2005).

Taking into consideration the impact of one of vehi-
cle-generated pollution sources, i.e. studded tyres, on the
environment, the analysis was focused only on particulate
matter. Particulate matter is a mixture of particles and liq-
uid droplets (aerosols) suspended in the ambient air and
consisting of different components - acids, sulphates, ni-
trates, metals, organic compounds, soil particles, dust,
smut. In winter road vehicles, especially those using stud-
ded tyres, cause also a secondary pollution with particu-
late matter. This means that the studded winter tyres de-
stroy road pavement, lift into the ambient air the remnants
of destroyed pavement, the spread sand and salt mixture
and uncollected mud, and when using such tyres on “bare”
road pavement (without ice or snow) - fine and very
dangerous micro elements initiated during traction. The
Swedish researchers have determined that a passenger car
with studded tyres having travelled 1 km “mills out” about
5-12 g of asphalt particles on a rural road and about 2-5 g
on a city street. In cities the wear of asphalt pavements is
slower due to a lower driving speed (Haail et al. 2008; Nor-
man, Johansson 2006; Riisdnen et al. 2005).

It was assumed in the calculations that one vehicle
with studded tyres having travelled one kilometre on a ru-
ral road “mills out® 2 g of asphalt particles.

When assessing the effect of studded tyres on the in-
itiation of particulate mater it was assumed that 15% of
the total number of passenger cars in winter (i.e. 5 months
per year) uses studded tyres. Having made the analysis of
traffic volume on the roads of national significance it was
calculated that from 1 November to 1 April the passenger
cars travel 35.8% on he average of the total annual mileage.
Based on the calculated annual mileage by passenger cars
with studded tyres per year (Fig. 6) it is possible to calcu-
late how much particulate matter is “milled out” from the
road pavement by the studs of winter tyres on the roads of
national significance:
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QT =AMpC XQG; (6)

where Qp - the total quantity of asphalt particles, which
“milled out” from the road pavement passenger cars with
studded tyres per year on the roads of national significance,
t/year; AMp - the annual mileage by passenger cars with
studded tyres in winter per year, veh-km/year; Q. - the
quantity of asphalt particles, which “mills out® from the
road pavement one vehicle with studded tyres having tra-
velled one kilometre, g/km.

It is possible to calculate by the Eq (6):

On main roads:

205.9%x10° x2 = 411.80 t/year;
On national roads:

164.0x10° x 2 = 328.00 t/year;
On regional roads:

82.9%10° x2 =165.80 t/year;
Total: 905.60 t/year.

The cost of ambient air pollution is given in Fig. 6
(Feasibility Study for the Need of Repair Works of the
Roads and Bridges of National Significance).

SO, | 2110.75 oo
VO | 587.06 oo
NO, [ 3047.67

187 501.74
0, I

0 50 000

The title of the air pollutants

100 000 150 000 200 000

The cost of the air pollutants, EUR/year

Fig. 6. The cost (EUR) of air pollutants within the urban
territory (Accumulation and renewal of traffic data of the roads
of national significance, 2008)

Based ona number of asphalt particles “milled out®
by the studs of winter tyres from the asphalt pavement on
main, national and regional roads and the cost of particu-
late matter pollution in a rural territory (Fig. 6), the dam-
age from the studs was calculated:

Drpg =Qr xCpys 7)

where D¢ - the damage of the tyres studs on the roads na-
tional significance per year, mln EUR/year; Qr - the total
quantity of asphalt particles, which “milled out® from the
road pavement passenger cars with studded tyres per year
on the roads of national significance, t/year; Cp; - the cost
of particulate matter pollution in a rural territory, EUR/t.

It is possible to calculate by the Eq (7):

On main roads:

411.80x37500.29 =15.44 mln EUR/year;

On national roads:

328.00 x 37500.29 = 12.30 mIn EUR/year;

On regional roads:
165.80x37500.29 = 6.22 mln EUR/year;

Total: 33.96 mln EUR/year.

In Lithuania, in a period of winter season almost
15% of passenger cars use studded winter tyres which ex-
haust into the ambient air particulate matter and negative-
ly affect human health. It was determined that this dam-
age, solely on the roads of national significance, amounts
to 33.96 mln EUR/year.

Taking into consideration the use of studded tyres
on the local roads (also in a residential area, especially
in city streets), damage to the public would be increased
even more. Due to the lack of statistical data on a number
of kilometres travelled on these roads, damage to the
public due to the increased particulate matter was not as-
sessed.

For this purpose a theoretical damage was calculated
which would be caused by particulate matter if all passen-
ger cars in a winter season (from 1 November to 1 April)
had to obligatory use only studded tyres. A theoretical
amount of asphalt particles “milled out” from the pave-
ment of the roads of national significance, if all passenger
cars used only studded tyres in winter, would amount to
6037.00 t/year:

Tppp = AMppe X Qg5 (8)

where Tp,, - the theoretical damage of particulate matter
from the tyres studs on the roads national significance per
year (if all passenger cars in a winter season (from 1 No-
vember to 1 April) had to obligatory use only studded
tyres), t/year; AMppc — the annual mileage by passenger
cars with studded tyres in winter per year (if all passenger
cars had to obligatory use studded tyres in winter, from
1 November to 1 April), veh-km/year; Qg - the quantity
of asphalt particles, which “mills out® from the road pave-
ment one vehicle with studded tyres having travelled one
kilometre, g/km.

It is possible to calculate by the Eq (8):

On main roads:

1372.7x10% x 2 = 2745.40 t/year;
On national roads:

1093.1x10° x2 = 2186.20 t/year;
On regional roads:

552.7 x10° x 2 = 1105.40 t/year;

Total: 6037.00 t/year.

A theoretical damage to the public due to particulate
matter “milled out” and exhaust into the ambient air would
amount to 226.42 mln EUR.

Noise is a disorderly mixture of sound waves of vari-
ous strength and frequency, unusual to human ear and
causing unpleasant sensations. Noise damages hearing, ir-
ritates the central nervous system, changes human char-
acter and behaviour, induce crudity and aggression of an
individual. All over the world road transport is recognised
as the main source of noise.
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When a studded tyre rolls over the road surface the
increased tyre vibration causes noise. A higher traction
of studded tyres and road pavement, compared to that of
non-studded tyres, increases noise emission by 3-5 dBA
(Kropp et al. 2007; Peeters, Blokland 2007).

In Sweden, when the use of studded tyres was reduced
by 20% the noise emissions decreased by 1.0-1.5 dBA. In
Lithuania, in the last two winter seasons studded tyres
were used by about 15% of all passenger cars. Based on
the Swedish research data it could be stated that having
prohibited the use of studded tyres in Lithuania the ge-
neral noise level would be decreased by 0.75-1.13 dBA.
The specialists have calculated the damage to the hu-
man health caused by the equivalent noise level in a day.
The cost of noise emissions are given in Fig. 7 (Environ-
mental Impact Assessment of the Reconstruction of the
Road A5 Kaunas-Marijampolé-Suwalki 22.0-56.5 km
section).

140 |

60|

400
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0

The cost of noise emissions,
EUR/year

50 55 60 65 70 75

The equivalent noise level in a day, dBA

Fig. 7. The cost (EUR) of noise emissions per year
(Accumulation and renewal of traffic data of the roads of
national significance, 2008)

The cost of noise emissions shows that with the in-
creased equivalent noise level only by 5 dBA the damage to
the human health has been significantly increasing. It is al-
most impossible to determine the noise-caused damage to
the public, since in the different noise diapasons the dam-
age to the human health varies unevenly, besides, people
use to live at a different distance from the main transport
arteries and no exact data is available on what is a number
of residents living close to them.

5. The effect of studded tyres on road pavement
marking

Studded tyres intensively damage road pavement surface.
The wear of road pavement is considerably larger com-
pared to the use of the other type of tyres. At present hori-
zontal marking of Lithuanian roads is carried out with
paint or polymer materials. The service life and warranty
of horizontal marking are dependent on the designation of
lines and the materials used. Using polymer materials the
marking can have a thin layer or a full thickness. When
a continuous edge line is marked with paint the service
life of marking is two years. When the centre road line is
marked with paint and other horizontal marking is carried

out the service life is one year. When horizontal marking
is made by polymer materials the service life of the mark-
ing is twice as long, i.e. when using polymer materials the
service life of full-thickness marking is four years, while
the service life of the above mentioned thin-layer marking
materials — two years. Certainly, the use of polymer mate-
rials for horizontal marking generates higher costs. Com-
parison of the costs is given in Fig. 8.

ing

Marking by
polymer materials
(thin-thickness)

15.93

Marking by polymer
materials 22.88
(full-thickness)

Marking by paint _ 6.37

0 5 10 15 20 25

The different group of mark

Preliminary cost of horizontal marking, EUR/m’

Fig. 8. Preliminary cost of horizontal marking (Accumulation
and renewal of traffic data of the roads of national significance,
2008)

Studded tyres cause the wear of all types of horizon-
tal marking at pedestrian crossings, of continuous and
discontinuous marking lines on the carriageway. In a day
time horizontal marking can visually look as of sufficiently
good quality, though in a dark period of the day it does
not serve the main function, i.e. to reflect light, since a
specific density of light in darkness is too low. The main
reason - the marking surface is polluted with unreflecting
materials. Horizontal marking is mostly damaged by stud-
ded tyres when it is polluted with the “milled out” bitumen
particles from asphalt pavement in winter and becomes
poorly visible in a dark time of the day. When a marking
line is passed by studded tyres the studs stick into the line
and leave small depressions with the remnants of bitumen
particles.

We did not succeed to find any accurate scientific
investigations on how much the service life of horizontal
marking would be extended if the vehicles used no stud-
ded tyres. However, all the road specialists unanimously
admit that studded tyres reduce the durability of horizon-
tal marking. A very cautious forecast was assumed in the
calculations that with the use of studded tyres the wear
of horizontal marking is 10% faster. Correspondingly, it
could be apparently stated that in a year due to the use of
studded tyres the wear of horizontal marking is faster and
the public looses ~10% of funds allocated to the marking.
In the last two years 8.69-10.14 mln EUR was allocated
each year to the renovation of marking on the roads of na-
tional significance. Besides, additional horizontal marking
was implemented on the repaired and reconstructed road
sections.

Based on the above, it could be stated that due to a
faster wear of horizontal marking the public looses 0.87-
1.01 mIn EUR every year.
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6. Economic evaluation of winter tyres (studded and
non-studded)

Having made a comparative cost-benefit analysis, a com-
parison of studded and non-studded winter tyres and their
benefit (additional costs) for the public, it was determined
that it is more cost-effective for the road users to use non-
studded tyres. A comparative cost-benefit analysis is given
in Fig. 9 and Table 2 where positive and negative factors
(pluses and minuses) for the use of studded and non-stud-
ded winter tyres are described.

In winter almost 15% of the road users in Lithuania
use studded tyres on their passenger cars, therefore due to
the reduced number of road accidents (reduced number of
people killed and injured) the public receives the benefit of
1.81 mln EUR. However, due to the more expensive tyres,
increased fuel consumption, damages to horizontal pave-
ment marking, negative impact of particulate matter on
human health the public incur considerably higher losses
amounting even to 38.43-39.07 mln EUR (Baltrénas et al.
2007; 2008; Lama et al. 2007; Radziszewski 2007; Ziari et
al. 2007; Zubeck et al. 2004).

7. Conclusions

Based on the inquiry of tyre sellers it was determined that
in Lithuania, in winter season about 15% of passenger cars
use winter tyres with studs.

It was identified that additional costs for the driv-
ers (between studded and non-studded winter tyres) will
amount to 1.91-2.39 mIn EUR/year on average.

ok M
W o W

The positive and negative factors
of the winter tyres, mln EUR

Evaluation criteria

Fig. 9. Economic evaluation of winter tyres (studded and non-
studded) (A - additional costs for the drivers due to studded
tyres; B — additional costs for the drivers due to non-studded
tyres; C — damage due to road accidents; D - effect of tyres

on fuel costs; E - effect of studded tyres on the initiation of
particulate matter; F - damage due to tyre-generated noise;

G - effect of tyres on pavement marking; H - total damage)

Taking into consideration a number of people killed
and injured during road accidents on the roads of Lithua-
nia in 2005-2008, it was calculated that due to the use of
studded tyres the accident-caused damage is reduced by
1.81 mln EUR/year on average.

When using passenger cars, equipped with studded
tyres, the fuel consumption of these cars is increased by
4%, thus, the road users (owners or managers of cars) sole-
ly on the roads of national significance incur the addition-
al fuel costs of 1.68 mIn EUR/year.

Table 2. Economic evaluation of winter tyres (studded and non-studded)

Notes

The difference between one studded and non-studded winter tyre
is 11.58-14.48 EUR,; for 4 tyres 46.34-57.92 EUR. Additional costs
for the drivers (between studded and non-studded winter tyres)
will amount to 1.91-2.39 mIn EUR/year on the average.

Due to the use of studded tyres in Lithuania the damage caused by
road accidents is reduced by 1.81 mln EUR/year on the average.

The use of passenger cars equipped with studded tyres increases
fuel consumption by 4%, therefore the road users (the owners
and managers of passenger cars), solely on the roads of national
significance, incur 1.68 mIn EUR of additional fuel costs per year.

Passenger cars with studded tyres lift particulate matter which
negatively affects human health. During the whole winter
season 15% of passenger cars use studded winter tyres which
lift particulate matter and negatively affect human health. This
damage, solely on the roads of national significance, amounts to
33.96 mln EUR/year.

It is possible to calculate damage caused by studded tyres for the
public only for a certain road (street) section but even in this case
the special investigations are necessary.

Due to the wear of horizontal marking the public looses
0.87-1.01 mln EUR of additional costs every year.

Factors
Evaluation criteria - —
Negative Positive
Difference in the price Negative
of studded and non- —(1.91-2.39) -
studded tyres mln EUR
Damage due to road B Positive
accidents +1.81 mln EUR
Effect of tyres on fuel Negative ~
costs -1.68 mln EUR
Effect of studded tyres Negative
on the initiation of -33.96 -
particulate matter mln EUR/year
Damage due to tyre- Large Small
generated noise
Effect of tyres on Negative
avement markin -(0.87-1,01) ~z
b & mln EUR
~(38.43-39.07) +1.81
TOTAL mln EUR/year mln EUR/year

When using studded winter tyres the public incurs more damage
than benefit.
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In Lithuania, in a period of winter season about 15%
of passenger cars use studded winter tyres which lift partic-
ulate matter and negatively affect human health. This dam-
age, solely on the roads of national significance, amounts
to 33.96 min EUR/year.

It was determined that due to the use of studded tyres
and faster wear of horizontal marking the public incur
0.87-1.01 mln EUR of additional costs every year.

In winter about 15% of the road users in Lithuania
use studded tyres on their passenger cars, therefore due to
the reduced number of road accidents (reduced number of
people killed and injured) the public receives the benefit of
1.81 mIn EUR. However, due to the more expensive tyres,
increased fuel consumption, damages to horizontal pave-
ment marking, negative impact of particulate matter on
human health the public incur considerably higher losses
amounting even to 38.43-39.07 mln EUR.
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Linas Leipus, Donatas Butkus, Tomas Janusevicius. 2010. Autotransporto keliamo triukSmo Zvyrkeliuose ir asfal-
tuotuose keliuose tyrimas, The Baltic Journal of Road and Bridge Engineering 5(3): 125-131.

Santrauka. Keliuose judantis transportas yra pagrindinis aplinkoje keliamo triuk§mo $altinis. Triuk§mg auto-
mobilyje sukelia strukttiriniai triuk$mai, atsirandantys dél variklio, kabinos, duslintuvo, raty ir padangy vibracijy.
Transporto srauto triuk§mas priklauso nuo jo intensyvumo, judéjimo greicio, srauto sudéties ir dydzio, kelio dangos
kokybés ir uzstatymo greta kelio. Siame straipsnyje nagrinéjamas autotransporto keliamo triuksmo lygis Moléty ra-
jono rajoninés reik§més keliuose su asfalto ir Zvyro danga. Autotransporto keliamas triuk§mo lygis buvo matuojamas
Ziemos ir vasaros metu pasirinktose vietose, atsizvelgiant j dangos pobudj ir skirtingas landsafto salygas. Taip pat
atlikti triuksmo lygiy priklausomybés nuo automobilio greicio tyrimai. Tyrimo metu buvo nustatyta, kad keliuose su
zvyro danga, automobiliui vaziuojant 50 km/h greiciu, triuksmo lygis didesnis 4 dBA nei keliuose su asfalto danga.
Nutolus nuo triuk$§mo $altinio 50 m, triuk$mo lygis atvirose vietovése mazéja 12 dBA, o miskingose - 16 dBA. Padi-
déjus automobilio grei¢iui nuo 40 km/h iki 50 km/h, ziemos laikotarpiu triuk$mo lygis padidéja 2 dBA. Vasaros metu
padidéjus lengvojo automobilio grei¢iui nuo 50 km/h iki 70 km/h, triuk§mo lygis padidéja 5 dBA.

Reik$miniai ZodzZiai: autotransportas, triuk§mo lygis, maksimalus triuk§mo lygis, ekvivalentinis triuk§mo ly-
gis, zvyrkelis, asfalto danga.

Sunghwan Kim, Kasthurirangan Gopalakrishnan, Halil Ceylan, Kejin Wang. 2010. Pradiné betono dangy reakcija i
temperatiros ir drégmés pokycius, The Baltic Journal of Road and Bridge Engineering 5(3): 132-138.

Santrauka. Siame straipsnyje nagrinéjama pradiné nearmuotojo betono dangos reakcija j temperatiiros ir dré-
gmes pokycius dangos jrengimo metu ir tuoj pat po jos jrengimo. Atlikti nearmuotojo betono dangos, jrengtos JAV
Ajovos valstijos kelyje US-30, $alia Marshalltowno miesto, matavimai ir stebésena dangos kritiniu laikotarpiu (t. y.
tuoj pat po jos jrengimo), nustatyta pradiné dangos reakcija j temperataros ir drégmés poky¢ius bei dangos elgse-
na deformacijy atzvilgiu. Matavimai atlikti naudojant tiesinius reguliuojamuosius diferencinius keitiklius, jrengtus
betono plokstés kampe, centre ir krastuose, bei termoelementus ir drégmés jutiklius, jtaisytus plokstés gylyje. Ploks-
tés deformacija, atsirandanti dél temperatiiros ir drégmés pokyciy, nustatyta remiantis i$matuotais vertikaliaisiais
poslinkiais ir dangos pavir$iaus profiliais. Teigiamos temperatiiros gradientai kietéjimo metu ir neigiamas drégmeés
skirtumas dangai sukietéjus lémé ilgalaikj iSmatuotos dangos persimetima ir rietimasi.

Reik$miniai Zodziai: betonas, kelio danga, persimetimas, rietimasis, temperatiiros ir drégmés pokyciai.

Jonas Améiejus, Rimantas Kacianauskas, Arnoldas Norkus, Liudas Tumonis. 2010. Smélio poringumo ommetriniai
tyrimai, The Baltic Journal of Road and Bridge Engineering 5(3): 139-147.

Santrauka. Klaipédos smélio poringumo tyrimai odometru. Klaipédos smélis yra tipiskas Lietuvos pajario smé-
lis, kurio daleliy skersmuo yra nuo 1,18 mm ir 0,3 mm. Odometriniu testu eksperimentiskai tirtas smélio ir atskirty-
jy trijy jo frakcijy poringumo kitimas. Poringumo poky¢ius apibudina pradinis ir galutinis (suspaudus) poringumo
koeficientai. Eksperimenti$kai nustatyta, kad smélio poringumg praktiskai lemia didZiausia jo frakcija, kurios daleliy
skersmuo kinta tarp 1,18 mm ir 0,6 mm. Mikrostruktarinis smélio tankéjimo mechanizmas nagrinétas panaudojant
modeliavimg diskreciyjy elementy metodu (DEM). Modeliavimui pasirinktos sferinés formos dalelés, o skai¢iavimai
atlikti komerciniu paketu EDEM. Modeliavimas diskreciyjy elementy metodu patvirtino eksperimentinius rezulta-
tus ir suteiké papildomos informacijos apie smélio elgsena mikrolygmeniu. Skaitiniai rezultatai atskleidé netolydyjj
deformavimo pobudj, o nustatytus elgsenos nestabilumus lémé smélio daleliy erdviné pertvarka.

Reik$miniai Zodziai: smélis, odometras, poringumo koeficientas, diskre¢iyjy elementy metodas, sferinés da-
lelés.
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Paolo Discetti. 2010. Eksperimentinis kalny serpantiny tyrimas, The Baltic Journal of Road and Bridge Engineering
5(3): 148-155.

Santrauka. Kelio trasos darna priklauso nuo to, kaip kelio geometrija atitinka vairuotojy lukes¢ius, o norint
nustatyti kelio sauguma, reikia Zinoti realy vaziavimo greitj. Mokslinéje literataroje nagrinéjamas neatitikimas tarp
projektinio ir realaus automobiliy srauto greicio, atliktas ne vienas tyrimas, siekiant numatyti automobiliy srauto
greitj kaip kelio trasos elementy, t. y. horizontaliyjy ir vertikaliyjy kreiviy, horizontaliyjy ir vertikaliyjy kreiviy deri-
niy, tiesiy ruozy, ruozy pries ar po horizontaliyjy kreiviy, funkcija. Taciau literataroje neaprasyti automobiliy srauto
greicio tyrimai staigaus postkio kreivése kalny keliuose, kur vairuotojo elgseng lemia mazo spindulio kreiviy deriniai
ir ribotas matomumo atstumas. Todél, surinkus duomenis apie greitj staigaus posiikio kreivése ir tiesiose jy prieigose,
sukurtas matematinis modelis, skirtas i§skirtinai kalny keliams. Atliktas eksperimentinis tyrimas, kuriam panaudoti
eismo skaiciuokliai, fiksuojantys kiekvieno automobilio ilgj, momentinj greitj ir kryptj abiem vaziavimo kryptimis,
bei vaizdo kameros. Tyrimo metu atlikta vairuotojy elgsenos analizé automobiliui létéjant ir greitéjant. Tyrimo rezul-
tatai padés iSanalizuoti esamy kalny keliy defektus ir jvertinti galimas korekcijos priemones.

Reik$miniai ZodZiai: automobiliy srauto greitis, vairuotojo elgsena, kalny keliai.

Subbarao Nagabhushanarao Suresha, George Varghese, Ayyalasomayajula Udya Ravi Shankar. 2010. Celiuliozés
pluostu ir plastiko atliekomis modifikuoty poringojo asfaltbetonio misiniy savybés, The Baltic Journal of Road and
Bridge Engineering 5(3): 156-163.

Santrauka. Siame straipsnyje pateikti poringojo asfaltbetonio misiniy, modifikuoty celiuliozés pluostu ir plas-
tiko atliekomis, laboratorinio tyrimo rezultatai. Tyrimo metu iSbandyti trys skirtingos granuliometrinés sudéties po-
ringojo asfaltbetonio misiniai, pagaminti su i§ anksto nustatytu riSamosios medziagos kiekiu. [vertintas kiekvieno
modifikatoriaus poveikis poringojo asfaltbetonio misiniy tarinéms savybéms, laidumui vandeniui, dilumui ir jautru-
mui drégmei. Nustatant modifikatoriy poveikio minétosioms misiniy savybéms reik§mingumo lygj, taikyta dispersi-
né analizé ir Tjukio (Tukey) daugkartinio lyginimo kriterijus. Statistinés analizés rezultatai rodo, kad granuliometriné
sudétis yra pagrindiné visy istirtyjy misinio savybiy kitimo priezastis. Taciau naudoti modifikatoriai taip pat turéjo
jtakos drégmés sukeliamoms pazaidoms mazinti. Tyrimo rezultatai rodo, kad susmulkintos plastiko atliekos gali bati
naudingos kaip modifikatorius poringojo asfaltbetonio misiniams.

Reik$miniai ZodZiai: poringojo asfaltbetonio misinys, modifikatoriai, plastiko atliekos, celiuliozés pluostas, ti-
rinés savybés, laidumas vandeniui, senéjimas, dilumas, jautrumas drégmei.

Ming Feng Kuo, Jia Chong Du, Der Hsien Shen. 2010. Susmulkintojo betono lauzo panaudojimas skaldelés ir masti-
kos asfaltbetonio misSiniams, The Baltic Journal of Road and Bridge Engineering 5(3): 164-168.

Santrauka. 7,6 baly Chi-Chi Zemés drebéjimas, jvykes 1999 m. Taivano saloje, ir 7,9 baly Sichuan Zemés drebé-
jimas 2008 m. Kinijoje sugriové daugybe pastaty, o didziulis betono lauzo kiekis sukélé daug ekologiniy problemy.
Siame straipsnyje nagrinéjamas susmulkintojo betono lauzo, kaip uzpildo skaldelés ir mastikos, panaudojimas asfalt-
betonio miSiniams. Liekamosios deformacijos bandymo rezultatai ir jy dispersiné analizé parodé, kad susmulkintojo
betono misinio atsparumas liekamajai deformacijai yra geresnis nei 100 % nataralios skaldos misinio. Susmulkintojo
betono misinio stabilumo reik§més yra didesnés nei 100 % skaldos miSinio, ypac jei 50 % misinio sudaro susmul-
kintasis betonas, o0 50 % - skalda, stambiagradeé skalda ir smulkiagradis betonas. Skaldelés ir mastikos asfaltbetonio,
sumai$yto su 50 % susmulkintojo betono ir 50 % skaldos, panaudojimas yra praktiskesnis nei kity misiniy.

Reik$miniai ZodZiai: susmulkintasis betono lauzas, skaldelés ir mastikos asfaltbetonis, tamprumo modulis, lie-
kamoji deformacija.
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Alfredas Laurinavicius, Dainius Miskinis, Rasa Vaiskiinaité, Algimantas Laurinavicius. 2010. Dygliuotyjy padan-
gu poveikio kelio dangai ir aplinkai analizé bei vertinimas (III), The Baltic Journal of Road and Bridge Engineering
5(3): 169-176.

Santrauka. Atliekant dygliuotyjy padangy ekonominj vertinimg, analizuota jy nauda ir visuomenei daroma
zala. Buvo palyginti ir iSanalizuoti tokie aspektai, kaip Zieminiy padangy kaina, jy jtaka stabdymo keliui, kuro s3-
naudoms, kelio dangai, dangos zenklinimui, kietyjy daleliy atsiradimui ir triuk$mo emisijy padidéjimui. Remian-
tis atlikta padangy pardavéjy apklausa bei skai¢iavimais, nustatyta, kad Lietuvoje Ziemos metu apie 15 % lengvujy
automobiliy eksploatuoja Ziemines padangas su dygliais, todél visuomené dél sumazéjusiy eismo jvykiy (maZesnio
suzeistyjy ir Zuvusiyjy skai¢iaus) patiria 1,81 mln. eury naudos. Tac¢iau dél brangesniy padangy, padidéjusio degaly
suvartojimo, horizontaliojo kelio dangos zenklinimo pazeidimy ir neigiamo kietyjy daleliy poveikio Zzmoniy sveika-
tai patiria gerokai daugiau - net 38,43-39,07 mln. eury nuostoliy.

Reik$miniai Zodziai: dygliuotosios padangos, ekonominis jvertinimas, kuro sagnaudos, kelio dangos Zenklini-
mas, zmoniy sveikata, kietosios dalelés, triuk§mo emisijos.

Vilimas Gintalas. 2010. Projektiniy sprendiniy kokybés gerinimo galimybés zZvyrkeliy rekonstrukcijos projektuose,
The Baltic Journal of Road and Bridge Engineering 5(3): 177-184.
Santrauka. Tai yra daktaro disertacijos, kurios mokslinis vadovas - prof. Donatas Cygas, apgintos 2010 m.
vasario 25 d. Vilniaus Gedimino technikos universitete, santrauka. Disertacija para$yta lietuviy kalba ir atitinka vi-
sus reikalavimus. Pirmajame skyriuje pateikiama Lietuvos Respublikos valstybinés reiksmés keliy tinklo plétros ir
zvyrkeliy rekonstrukcijos patirties analizé. Antrajame skyriuje analizuojamos Lietuvos ir uzsienio $aliy automobiliy
keliy projektavimo normy nuostatos, reglamentuojancios kelio trasos sprendinius. Tre¢iajame skyriuje pateikiama
eksperimentiniy tyrimy metodika. Ketvirtajame skyriuje — eksperimentiniy tyrimy rezultatai. Penktajame skyriuje -
tyrimy rezultaty apibendrinimas.
Reik$miniai ZodzZiai: zvyrkeliai, kelio trasa, geometriniai kelio parametrai, horizontalios kreivés, projektiniai
sprendimai.
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Linas Leipus, Donatas Butkus, Tomas Janus$evicius. 2010. Transporta pliismas radita troksna izpéte uz grants un
asfalta celiem, The Baltic Journal of Road and Bridge Engineering 5(3): 125-131.

Kopsavilkums. Transportlidzeklu kustiba pa celiem apkartéja vidé ir galvenais troks$na avots. Troksni vieglaja
automobili rada strukturalie troksni, kuru avots ir dzingja, virsbtives, klusinataja, ritenu un riepu vibracijas. Trans-
porta plismas troksnis ir atkarigs no tas intensitates, brauksanas atruma, transporta pliasmas sastava, cela segu-
ma kvalitates un apbuves teritorija pie cela. Dotaja raksta analizéts transporta plasmas raditais trok$na limenis uz
regionalas nozimes grants un asfalta celiem Molétai rajona. Transporta plismas raditais troksnis tika mérits gan
ziema, gan vasara izvélétas tipiskas vietas, nemot véra cela segas tipu un dazadas ainavas. Izpétes gaita ir iegtta
sakariba starp atseviska viegla automobila brauksanas atrumu un trokspa limeni. Pétijuma noskaidrots, ka viegla
automobila raditais troksnis, braucot ar atrumu 50km/h pa grants celu, ir par 4dBA lielaks neka braucot pa asfalta
segumu. Attalinoties no troks$na avota par 50 m, trok$na limenis atklata teritorija samazinas par 12 dBA, bet mezat-
par 16 dBA. Ziema, palielinoties viegla automobila atrumam no 40 km/h lidz 50 km/h, troksna limenis palielinas
par 2 dBA. Vasara, palielinoties viegla automobila atrumam no 50 km/h 1idz 70 km/h, trok$na limenis palielinas par
5 dBA.

Atslegvardi: transporta plasma, trok$pa limenis, maksimalais troksna limenis, reciprokalais trokspa limenis,
grants cels, asfalta segums.

Sunghwan Kim, Kasthurirangan Gopalakrishnan, Halil Ceylan, Kejin Wang. 2010. Jaunu cementbetona segu
reakcija uz temperatiiras un mitruma izmainam, The Baltic Journal of Road and Bridge Engineering 5(3): 132-138.
Kopsavilkums. Dotaja raksta apskatita jaunas cementbetona segas reakcija uz temperatiiras un mitru-
ma izmainam segas ieklaganas laika un talit pec tas. Ar nolaku izpétit nesen uzbuveétas cementbetona segas uz
US-30 pie Mar$altaunas, Aijova, ASV temperatiiras un mitruma izmainu dél radusas deformacijas sega tika monitoréta
un instrumentali parbaudita tai kritiskaja laika perioda talit péc ieklasanas. Instrumentalaja izpété izmantoja ce-
mentbetona platnes stiiros, $kautnés un centra novietotos linearos variablos diferencialdevéjus ka ari platnes dziluma
iestradatus mitruma sensorus un termoelementus. Platnes deformacijas, kas saistitas ar temperatiras un mitruma
izmainam kvantificéja, veicot vertikalo parvietojumu un segas virsmas profila uzmérijumus. Pozitivs temperatiiras
gradients segas cietésanas laika un negativa mitruma diference péc cietéanas izraisija paliekosu ar instrumentiem
aprikotas segas vilpotu izliek§anos uz augsu un savérpsanos. Relativa platnes stiira novirze uz platnes centru vai
$kautnes vidu, kas aprékinata izmantojot platnes profilu un linearo variablo diferencialdevéju datus uzradija lidzigas
tendences.
Atslegvardi: betons, segas, vilnota izliece, savérpsanas, temperattiras un mitruma izmainas.

Jonas Améiejus, Rimantas Kacianauskas, Arnoldas Norkus, Liudas Tumonis. 2010. Smilts porainibas pétijums
izmantojot odometrisko testésanu, The Baltic Journal of Road and Bridge Engineering 5(3): 139-147.

Kopsavilkums. Raksta atainoti Kaipédas smilts porainibas izpétes rezultati, kas iegiti ar odometriska testa
palidzibu. Klaipédas smilts ir tipiska Baltijas jaras krasta smilts, kuras graudu vidéjais diametrs mainas robezasno 1.18
lidz 0.3 mm. Eksperimentali ar odometriskas kompresijas testa palidzibu tika izpétitas porainibas variacijas kopéjam
smilts paraugam un tris atseviskam frakcijam. Porainibu raksturoja ar maksimalo (sakotnéjo) un minimalo (péc
saspie$anas) porainibas skaitlisko vértibu. Eksperimentrali tika noskaidrosts, ka smil§u maisijuma porainibu prak-
tiski nosaka rupjas frakcijas ar graudu diametra izméru starp 1.18 un 0.6 mm. Mikrostruktaras nozime sablivésanas
mehanisma ir izskaidrota izmantojot diskréto elementu metodes imitéjoso modeli. Modelésanas nolukiem tika
izmantotas sfériskas dalinas un komercialais EDEM kods. Diskréto elementu metodes modelésana apstiprinaja
makroskopiska eksperimenta rezultatus un sniedza papildus datus par mikroskopiskajiem procesiem. Ar detalizétu
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skaitlisko laika — véstures analizi novérota nevienmériga deformaciju norise. Atklato nestabilitati izskaidro ar smilts
graudu pargrupésanos.
Atslegvardi: smilts, ododmetriskais tests, porainiba, diskréto elementu metode (DEM), sfériskas dalinas.

Paolo Discetti. 2010. Eksperimentala serpentinu liknu analize, The Baltic Journal of Road and Bridge Engineering
5(3): 148-155.

Kopsavilkums. Autocela trases nepartrauktiba attiecinama uz trases geometriskas izveides atbilstibu vaditaja
prieksstatam par to un lai uzlabotu trases geometriju un aprékinatu satiksmes drosibas limeni konsekventi ir
nepiecieSamas zinas par vaditdja patieso brauksanas atruma rezimu. Ir paraditas atskiribas starp projektéto un pa-
tieso brauksanas atrumu, faktiski veikti vairaki neatkarigi pétijumi, lai prognozétu brauksanas atrumu atskirigos
apstaklos ka tadu trases elementu ka horizontalas un vertikalas liknes, vertikalo un horizontalo liknu savstarpéjas
kombinacijas, cela posmi pirms plana likném funkcijas. Diemzél literatara nav atrodami pétijumi par brauksanas
atrumu serpentinu liknés kalnu celos, kur vaditaja izturéSanos ietekmé maza radiusa liknes, ierobezota redzamiba un
stavu nogazu tuvums. Tapéc kalnu celu apstakliem tika izveidots matematisks modelis, kas izmanto iegutos datus par
atrumu serpentinu liknés un tuvu stavajam nogazém. Tika veikts eksperiments izmantojot satiksmes skaititajus, kas
spéja abos virzienos fiksét sekojosus mainigos lielumus: transportlidzekla garumu, momentano atrumu un brauksanas
virzienu. Tika izmantotas ari videokameras. Dotaja raksta autors pétijis ari vaditaja patieso atruma rezimu analizé&jot
paatrindjumu un paléninajumu. Minétie lielumi tika aprékinati katram transportlidzeklim un péc tam tika noteikta
sadalijuma funkcijas 85% skaitliska vértiba. Zinot paatrinajuma un paléninajuma vertibas, kas raksturo realo vaditaja
izturésanos, ir iespéjams analizét eksistéjoso kalnu celu defektus un izvértét istenojamos korektivos pasakumus.

Atslegvardi: brauksanas atrums, vaditaja uzvediba, kalnu celi.

Subbarao Nagabhushanarao Suresha, George Varghese, Ayyalasomayajula Udya Ravi Shankar. 2010. Ar celulozes
Skiedram un atkritumu plastmasu modificétu poraino dilumkartu ipasibas, The Baltic Journal of Road and Bridge
Engineering 5(3): 156-163.

Kopsavilkums. Dotais raksts apkopo laboratorijas pétjjumus par porainajiem dilumkartu maisijumiem,
kas modificéti ar celulozes $kiedram un atkritumu plastmasu. Tika testéti porainie dilumkartas maisijumi ar trim
dazadiem mineralmateriala granulometriskajiem sastaviem un noteiktu bitumena daudzumu. Katra modifikato-
ra ietekme tika izveértéta nosakot poraina dilumkartas maisijuma materiala tilpuma ipasibas, caurlaidibu, sakeres
zaudéjumu materialam novecojot un mitruma uznémibu. Ar nolaku noteikt ticamibas limeni modifikatoru ietek-
mei uz augstakminétajam ipasibam tika veikti variances analizes (ANOVA) un Tukey’s daudzkartiga vidéjas vértibas
salidzinajumi. Statistiskas analizes rezultati norada, ka visvairak visas apskatitas ipasibas ietekmé granulometriskais
sastavs. Arl modifikatori ievérojami palidz samazinat mitruma izraisitos bojajumus. Pétijumu rezultati norada, ka
sasmalcinata atkritumu plastmasa ir potenciali deriga ka modifikators porainajos dilumkartas maisijumos.

Atslegvardi: poraina dilumkarta (PFC), modifikatori, atkritumu plastmasa (WP), celulozes $kiedras (CF),
materiala tilpuma ipasibas, caurlaidiba, novecos$ana, sakeres zudums, mitruma uznémiba.

Ming Feng Kuo, Jia Chong Du, Der Hsien Shen. 2010. Drupinats drupu betons $kembu mastikas asfalta maisijumos
Crushed Waste Concrete in Stone Mastic Asphalt Mixtures, The Baltic Journal of Road and Bridge Engineering 5(3):
164-168.

Kopsavilkums. 1999.gada Taivana Chi-Chi notikusi 7.6 balles un 2008.gada Kina Si¢uana notikusi 7.9 balles
stipras zemestrices sagrava un izpostija daudz bavju un lielais drupu betona apjoms radija daudz problému apkartéjai
videi. Dotaja raksta analizétas drupinata drupu betona ka minerala materiala izmantosanas iespé&jas skembu mas-
tikas asfalta. Balstoties uz pétijjuma rezultatiem, noskaidrots, ka mineralmateriala tips atstaj butisku ietekmi uz
paliekosas deformacijas testa ANOVA pie testa temperattras 60 °C bet nebutisku pie 25 °C. Tada veida drupinata
drupu betona maisijumam pretestiba paliekosajam deformacijam ir labaka neka 100% drupinatam dabiga akmens
mimeralmaterialam. Drupinata drupu betona stabilitates skaitliska vértiba ir augstaka neka drupinata 100% dabiga
akmens maisijumam, it sevi$ki maisfjumam, ko veido 50% drupinatais drupu betons plus 50% drupinats akmens un
rupj$ akmens mineralmaterials plus smalki drupinats drupu betons (C-drupinats akmens plus F-drupinats drupu
betons). Skembu mastikas asfalts, kura mineralmaterialu sastava ir 50% drupinata drupu betona plus 50% drupinita
akmens ir praktiskaki ekspluatacija neka citi.

Atslegvardi: drupinats drupu betons (CWC), skembu mastikas asfalts (SMA), elastibas modulis, paliekosa
deformacija.



IIc

Alfredas Laurinavicius, Dainius Miskinis, Rasa Vai$kanaité, Algimantas Laurinavi¢ius. 2010. RadZoto riepu
ietekmes efekta uz cela segumu un apkartéjo vidi analize un izvértéjums (III), The Baltic Journal of Road and Bridge
Engineering 5(3): 169-176.

Kopsavilkums. Ekonomiskaja radzoto riepu iedarbibas novértéjuma analizéts to raditais kaitéjums apkartéjai
videi un ar to sniegtas prieksrocibas. Sava starpa salidzinati un analizéti tadi aspekti ka radzoto riepu cena, to iet-
ekme uz bremzésanas distanci, degvielas izmaksas, cela segums, seguma markéjums, puteklu radiSana un troksna
emisijas palielinajums. Pamatojoties uz riepu tirgotaju aptauju un veiktajiem aprékiniem, noskaidrots, ka Lietuva
ziema aptuveni 15% pasazieru vieglo automobilu izmanto radZotas riepas. Pateicoties tam samazinas celu satiks-
mes negadijumu skaits (mazak ievainoto un upuru) sabiedriba ietaupa 1.81 miljonus EUR. Tai pat laika dargaku
riepu dél, palielinata degvielas patérina dél, horizontala celu markéjuma paatrinatas nopdil§anas dél, cilvéku veselibas
kaitéjuma no nodiluma raditajiem putekliem sabiedribai tiek nodariti ievérojami lielaki zaudéjumi, kas sasniedz pat
38.43-39.07 miljonus EUR.

Atslegvardi: radzotas riepas, ekonomiskais izvértéjums, degvielas cenas, celu seguma markéjums; cilvéku
veseliba, vielas dalinas (PM), troksna emisija.

Vilimas Gintalas. 2010. Grants celu rekonstrukcijas projektu risinajumu kvalitates uzlabosanas iespéjas, The Baltic
Journal of Road and Bridge Engineering 5(3): 177-184.

Kopsavilkums. Dotais raksts ir autora doktora darba tézes. Darba zinatniskais vaditajs bija profesors, Dr. Do-
natas Cygas un tas tika aizstavéts Vilnas Gedimina Tehniskaja universitaté 2010.gada 25.februari. Tézes ir uzrakstitas
lietuviesu valoda un tas var sanemt satot pieprasijumu autoram. 1.nodala dota grants celu tikla analize un grants
celu attistibas analize Lietuvas Republika. 2.nodala veikta Lietuvas un arzemju celu projektésanas standartu analize.
3.nodala dota eksperimentalo pétjjumu metodika. 4.nodala satur eksperimentalo pétijumu rezultatus. 5.nodala dots
pétijumu rezultatu apkopojums.

Atslegvardi: grants cels, cela trase, geometriskie parametri, horizontalas liknes, projekta risinajusm.
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Linas Leipus, Donatas Butkus, Tomas Janusevicius. 2010. Liiklusvahendite tekitatud miira uuring kruus- ja
asfaltkatetel, The Baltic Journal of Road and Bridge Engineering 5(3): 125-131.

Kokkuvéte. Teedel litkuvad sdidukid on peamiseks miiraallikaks. Miira séidukis on tekitatud mootorist, kerest,
summutist ja rehvidest parinevast konstruktsioonilisest miirast. Liiklusvoolu miira soltub selle sagedusest, séidukii-
rusest, liikluskoosseisust, katte seisukorrast ja teeddrse maa-ala iseloomust. Kiesolev artikkel esitab uuringut liik-
lusvahendite poolt tekitatud miiratasemetest regionaalse tahtsusega kruus- ja sfaltkattega teedel Molétai piirkonnas.
Miira moddeti valitud tidipilistes asukohtades suvisel ja talvisel ajal arvestades katte tiilipi ja maastikku. Samuti
uuriti miirataseme soltuvust séiduki kiirusest. Tehti kindlaks, et kruuskattel kiirusega 50 km/h liikuva séiduki teki-
tatud miiratase on 4 dBA suurem, kui samades tingimustes asfaltkattel litkuva sdiduki tekitatud miiratase. Liikudes
miiraallikast 50 m kaugema, viaheneb miiratase avatud aladel 12 dBA ja metsaaladel 16 dBA vorra. S6iduki kiiruse
suurenemisel 40 km/h 50 km/h suureneb miiratase talvisel ajal 2 dBA vorra. Séiduki kiiruse suurenemisel 50 km/h
70 km/h suureneb miiratase suvisel ajal 5 dBA vorra.

Votmesonad: s6iduk, miiratase, maksimaalne miiratase, ekvivalentne miiratase, kruusatee, asfaltkate.

Sunghwan Kim, Kasthurirangan Gopalakrishnan, Halil Ceylan, Kejin Wang. 2010. Betoonkatete kiditumine
temperatuuri ja niiskuse muutumisel ehitamise ajal ja kohe peale ehitust, The Baltic Journal of Road and Bridge
Engineering 5(3): 132-138.

Kokkuvote. Kiesolevas artiklis kisitletakse vuukidega armeerimata betoonkatete kaitumist temperatuuri ja
niiskuse muutumisel ehitamise ajal ja kohe peale ehitamist. Vaatluse alla voeti Marshalltown’is, lowas, USA-s maan-
teel US-30 ehitatud uus betoonkate, jalgides teda kriitilisel ajal peale ehitamist, et kindlaks méaratatemperatuuri ja
niiskuse muutusest tekkivad deformatsioonid. Jalgimise instrumentaalosa koosnes lineaarsetest vahelduvatest dif-
erentsiaalanduritest (LVDT) plaadi nurkades, keskel ja servades ning plaadi paksuses paigaldatud termopaaridest ja
niiskusanduritest. Temperatuuri ja niiskuse muutusest tingitud plaadi deformatsioone hinnati teel méddetud ver-
tikaalse timberpaigutuse ja katte pinna profiili alusel. Positiivsed temperatuuri gradiendid betooni kivinemisel ja
negatiivsed niiskuserinevused peale kivinemist tingisid katte pinna iilespoole kerkimise ja kooldumise. Sama trendi
néitasid ka suhtelised plaadi nurga ja serva keskosa deformatsioonid, mis arvutati plaadi profiili ja LVDT mo6tmis-
tulemuste alusel.

Votmesonad: betoon, kate, kerkimine, kooldumine, temperatuuri ja niiskuse muutus.

Jonas Améiejus, Rimantas Kacianauskas, Arnoldas Norkus, Liudas Tumonis. 2010. Liiva poorsuse uurimine
odomeetrikatsega, The Baltic Journal of Road and Bridge Engineering 5(3): 139-147.

Kokkuvote. Esitatud on Klaipeda liiva poorsuse uuring 6domeetrikatsega. Klaipeda liiv on tiiiipiline Balti mere
rannaliiv, mille terastikuline koostis jaib vahemikku 0.3-1.18 mm. Odomeetrikatsel mairati kogu liivasegu ja kolme
eraldi fraktsiooni poorsuse muutust. Poorsust hinnati maksimaalse (algse) ja minimaalse (peale tihendamist) poo-
ride suhtega. Katseliselt tehti kindlaks, et liivasegu poorsus on praktiliselt ennustatav jameda fraktsiooni 0.6-1.18 mm
poorsusega. Peenfraktsiooni osa tihenemisprotsessil on seletatud l6plike elementide meetodi simulatsiooniga. Mod-
elleerimiseesmérgil kasutati sfdarilisi osakesi ja EDEM koodi. Loplike elementide meetod kinnitas makroskoopilise
osa katsetulemusi ja lisas mikroskoopilise osa kaitumise tdiendavad andmed. Detailse arvanaliiiisi ajal oli jalgitav
mittesujuv deformatsioonikéitumine. Margatud mittestabiilsus on seletatav liivaosakeste iimberpaiknemisega.

Votmesonad: liiv, 6domeetrikatse, poorsus, loplike elementide meetod, sfaidrilised osakesed.
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Paolo Discetti. 2010. Serpentiinikoverike eksperimentaalanaliiiis, The Baltic Journal of Road and Bridge Engineering
5(3): 148-155.

Kokkuvote. Tee trassi sujuvuse mdédrab ta geomeetria, mis méojutab juhi sdidukditumist ning projekteerimise
tohustamiseks peab teadma juhi tegelikku kiiruskéitumist, et maérata tee ohutus. On toodud 4ra mittevastavus pro-
jekteeritud ja tegelike kiiruste vahel kasutades erinevaid uuringuid, mis arvestasid trassi omadusi: horisontaal- ja ver-
tikaalkoverikud, tangensiaalkéverike kombinatsioone horisontaal- ja vertikaalkéverikel, horisontaalkéverikele eelne-
vaid ja jargnevaid trassi osi. Seni olemasolevad uuringud ei kajasta tegelikku kiirust magiteede serpentiinidel, kus juhi
kaitumist mojutavad viikese raadiusega koverike, vihese nahtavuse ja tangensiaalpoordele ldhenemise koosmoju.
Seetottu arendati matemaatiline mudel spetsiaalselt mégiteedele kasutades tegelikke kiirusandmeid serpentiinidel
ja tangensiaalkoverikel. Uuringuteks kasutati liiklusloendureid, mis on véimelised mélemas sdidusuunas eristama
soiduki pikkust ja kiirust. Kasutati samuti videokaameraid. Kéesolevas t60s uuris autor ka tegelikku juhi kiiruskai-
tumist analiiisides aeglustus- ja kiirendustasemeid. Need tasemed arvutati igale sdidukile ja seejarel arvutati 85%
jaotuskover. Teades tegelikke juhi aeglustus- ja kiirendustasemeid, on voimalik hinnata olemasolevate mégiteede
puuduseid ja ndha ette voimalikke parendusmeetmeid.

Votmesonad: tegelik kiirus, juhi kditumine, mégiteed.

Subbarao Nagabhushanarao Suresha, George Varghese, Ayyalasomayajula Udya Ravi Shankar. 2010.
Tselluloosikiudu ja taaskasutatud plastikut sisaldavate poorsete kulumiskihtide segude omadused, The Baltic
Journal of Road and Bridge Engineering 5(3): 156-163.

Kokkuvéte. Kéesolev artikkel on kokkuvote tselluloosikiudu ja taaskasutatud plastikut isaldavate poorsete ku-
lumiskihtide segude laboriuuringutest. Katsetati kolme erineva terastikulise koostisega poorset kulumiskihisegu op-
timaalse sideainesisalduse maaramiseks. Hinnati iga modifikaatori moju segu mahulistele omadustele, niiskusekind-
lusele, kulumiskindlusele ja vee ldbilaskvusele. Selleks, et hinnata modifikaatorite moju eespool loetletud omadustele
teostati variatsioonianaliiiis (ANOVA) ja Tukey mitme keskmise vordlus. Statistilise analiilisi tulemused niitasid,
et terastikuline koostis on peamiseks omadusi méjutavaks nditajaks. Samas vihendasid ka modifikaatorid oluliselt
niiskuskahjustuste tekkeid. Tulemused niitasid, et taaskasutatav plastik on potentsiaalne modifikaator, mida saab
kasutada poorsetes kulumiskihtide segudes.

Votmesonad: poorne kulumiskiht, modifikaatorid, taaskasutatav plastik, tselluloosikiud, mahulised omadused,
vee ldbilaskvus, vananemine, kulumine, niiskuskindlus.

Ming Feng Kuo, Jia Chong Du, Der Hsien Shen. 2010. Purustatud vana betoon killustikmastiksasfalt segudes, The
Baltic Journal of Road and Bridge Engineering 5(3): 164-168.

Kokkuvote. 7.6 palline Chi-Chi Taiwani maavérin 1999 ja 7.9 palline Sichuani Hiina maavirin 2008 pohjustasid
paljudele hoonetele kahjustusi ja purustusi, mille tulemusena suur kogus tekkinud betoonisodi pohjustas palju kesk-
konnaprobleeme. Kéesolevas artiklis uuritakse purustatud betooni kasutusvoimalusi killustikmastiksasfalt segudes.
Katsetatud segu jadvdeformatsioonide variatsioonianaliiiis nditas, et mineraalmaterjalil on markimisvdarne moju
temperatuuril 60 °C, aga mitte markimisvdarne moju temperatuuril 25 °C. Seega on purustatud vana betooniga segu
deformatsioonikindlus suurem, kui 100% uue mineraalmaterjaliga segul. Stabiilsusnditajad purustatud betooniga
segudel on paremad, kui 100% uut killustikku sisaldavatel segudel, eriti 50% purustatud betooni pluss 50% uut kil-
lustikku ja jame purustatud killustik pluss peen purustatud vana betoon. Kdige praktilisem on kasutada 50% vana
purustatud betooni pluss 50% uut purustatud killustikku.

Votmesonad: purustatud vana betoon, killustikmastiksasfalt, elastsusmoodul, jadgvdeformatsioon.
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Alfredas Laurinavicius, Dainius Miskinis, Rasa Vaiskiinaité, Algimantas Laurinavicius. 2010. Naastrehvide méju
teekattele ja keskkonnale analiiiis ja hindamine (III), The Baltic Journal of Road and Bridge Engineering 5(3): 169-
176.

Kokkuvote. Naastrehvide majanduslikus analiiiisis hinnati nende kasu ja kahju avalikkusele. Vorreldi ja analiiiisi-
ti selliseid néitajaid nagu naastrehvide hind, nende méju pidurdusteekonnale, kiitusekulule, teekattele, katte margis-
tusele, peenmaterjali teke ja miira kasv. Tuginedes rehvimiiiijate kiisitlusele ja teostatud arvutustele selgitati vilja, et
Leedus umbes 15% soiduautodest kasutab naastudega talverehve, mistéttu viahenenud liiklusdnnetustest (vihenenud
hukkunute ja vigastatute arv) saavutatakse kasu 1.81 mln EUR. Samas, naastrehvide korgema hinna, suurenenud
kittusekulu, teekatte margistuse kahjustuste, peenosiste negatiivse moju tottu inimeste tervisele on naastrehvide kas-
utamisest tekkiv kahju markimisvaarselt suurem, ulatudes 38.43-39.07 mln EUR.

Votmesonad: naastrehvid, majanduslik vordlus, kiituse hind, teekatte margistus, inimese tervis, peenosis (PM),
miira.

Vilimas Gintalas. 2010. Kruusateede rekonstruktsiooniprojektide projektlahenduste kvaliteedi tostmise
voimalused, The Baltic Journal of Road and Bridge Engineering 5(3): 177-184.
Kokkuvdte. Kiesolev on kokkuvéte autori PhD viitekirjast, mida juhendas Prof Dr Donatas Cygas ja mis kaitsti
Vilniuse Gediminase Tehnikaiilikoolis 25.veebruaril 2010. Vaitekiri on Leedu keeles ja kittesaadav autorilt vastava
soovi esitamisel. Peatiikk 1 annab iilevaate Leedu kruusteede vorgust ja selle arengust. Peatiikk 2 analiiiisib Leedu ja
teiste riikide teede projekteerimisnorme. Peatiikk 3 kirjeldab katseliste uuringute metoodikat. Peatiikis 4 on esitatud
katsetulemused. Peatiikis 5 on toodud uuringu tildistused.

Votmesonad: kruusatee, tee trass, geomeetrilised parameetrid, horisontaalkoverikud, projekteerimislahen-
dused.
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