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Abstract. The segment of transport is a significant part of social and economic infrastructure and has a direct
impact on certain economic or social territory development. It is known that production and/or trading scale develop-
ment in a specific territory leads to increased requirements for infrastructure as well as to arising environmental pro-
tection issues. Therefore, this paper addresses a very significant problem of constantly increasing vehicle numbers that
decrease the permeability of roads and increase traffic jams, which consequently, have an impact on the pollution of
the environment. The main goal of this paper is to evaluate bypasses and high-speed streets based on data on Vilnius
City using the multi-criteria evaluation method and to verify the hypothesis of the authors.
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1. Introduction

As stated by the European Commission, transport infra-
structure is directly related to the economic and social
growth of a certain territory (Infrastructure Charging...
1998).

It is widely observed that the development of pro-
duction and/or trading scale in a specific territory leads
to tightening requirements for infrastructure as well as
to arising environmental protection issues (Cuena et
al. 1995; Hoogendoorn, Bovy 1998; Zhang 2000; Van
Zuylen, Weber 2002; Van Zuylen 2002).

Many researchers (Baumol, Oates 1988; Alessandri
et al. 1998; Barlovic et al. 1998; Bellemans et al. 2002; May,
Milne 2000; Antov et al. 2009; Beljatynskij et al. 2009) have
indicated that designing and building new highways and
bypasses is the most important processes of infrastruc-
ture modernization. Long-term research points to the
main means of improving traffic safety and environment
(Quality Indicators for... 1998; Breton et al. 2002; Clas-
sidy, Bertini 1999; Cremer 1995; Daganzo 1994; Daganzo
1995a—c; Diakaki et al. 2000; Di Febbraro et al. 2001; Ho,
Toannou 1996; Chien et al. 1997; Seethaler 1999; Sommer
et al. 1999; Peceliinas, Prentkovskis, O. 2006; Sokolovskij
et al. 2007; Kinderyté-Poskiené, Sokolovskij 2008; Kap-
ski et al. 2008; Junevic¢ius, Bogdevicius 2007, 2009; Van-
sauskas, Bogdevicius 2009; Baltrénas, Kazlauskiené 2009;

Baltrénas et al. 2008; Cygas et al. 2009; Jakimavicius,
Burinskiené 2009, 2010; Pellegrino 2009; Laurinavicius et
al. 2010; Al-Mofleh et al. 2010; Leipus et al. 2010).

The issues highlighted in this paper are relevant be-
cause of an increasing number of vehicles in the cities that
cause a decreasing permeability of roads, increased traffic
jams and environment pollution with exhaust products
of vehicles (Diakaki et al. 2000).

The influence of building a bypass on air pollution
is the crucial point of this research and seems to be a is
very important issue not only for Vilnius City but also for
the whole region as the capital of Lithuania generates the
main flows of cargo and passenger transport and remains
one of the main Baltic transit points.

The main goal of this paper is to carry out research
on evaluating air pollution generated by motorized vehi-
cles and to foresee possible positive environmental effects
of bypasses.

The paper presents a systemic analysis of previous
scientific works, a description of the carried out research
and comes to conclusions.

2. Theoretical Evaluation of Air Pollution Generated
by Road Transport

The problems of traffic safety and air pollution in the Eu-
ropean Union have been discussed for quite a long time,
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however, the tactics and strategy of transport develop-
ment has not yet received sufficient attention (Infra-
structure Charging... 1998). Only recently, it has been
recognized that transport infrastructure and vehicle
modernization need immediate substantial invest-
ments. Theoretical research, involving modelling and
analyzing various situations dependable on various
factors (e.g. traffic safety or environment pollution) is
essential for aiming at the optimal solution (Daganzo
1994; Daganzo 1995a—c; Seethaler 1999; Sommer et al.
1999) .

The evaluation of vehicle ride quality along a cer-
tain distance can be carried out using the multi-crite-
ria method (Zvirblis 2005, 2007; Zvirblis, Zinkevic¢iaté
2008) and is made considering the following factors:

- weather conditions;

- traffic conditions;

— infrastructure conditions;

- vehicle technical conditions;

- driving quality and driver satisfaction.

Every factor consists of multiple elements. For in-
stance, weather conditions include temperature, time
of day, precipitation, wind, cloudiness.

These factors have a different level of significance
on the general quality of riding on the road. The ele-
ments of the above introduced factors also have a dif-
ferent level of significance.

The significance of different factors is expressed
by a general format of the vector:

a;, Gy e Oy, Ml}
ay1 Gy e Gy || {M,}
{MUEO} = " , (1)
Ay Gy - Gy || M}
where: a;,, ay,, ... a,, — the parameters of element

significance affecting meteorological conditions for el-
ements — vectors {M,}, {M,}, .., {M,} in calculating
factor significance of meteorological conditions — vec-
tor {ME)};
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where: by, b, ... b,, — the parameters of element
significance affecting traffic conditions for elements -
vectors {E;}, {E,}, .., {E,} in calculating factor signifi-
cance of traffic conditions — vector {EK)};
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significance affecting infrastructure conditions for ele-
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tor significance of infrastructure conditions - vector
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where: d,;, dj,, .., d,, — the parameters of element
significance affecting technical conditions for vehicle el-
ements - vectors {T;}, {T,}, .., {T,,} in calculating fac-
tor significance of technical vehicle conditions - vector

{T®O};
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where: fi;, fi5> - fu, — the parameters of element
significance affecting the elements of driving quality and
the factor of driver’s satisfaction level - vectors {Q;},
{Q,}, .., {Q,}in calculating factor significance of driv-

ing quality and driver’s satisfaction - vector {Q(K )} .

The general quality of driving on the road described
as a complex factor consisting of multiple elements can
be assessed according to the following model:

_kml km2 krrm_ {M}
ko koo ke, || {E}
{(Ky=| ky kp o Ky || {1} |, (6)

Ky koo Ky || (1)
Lk kg o | Q)]

where: k5 kpps oo kqn - the parameters of element
significance affecting certain elements - vectors {M},
{E}, {I}, {T}, {Q} in calculating the factor of general
driving quality — vector {K}.

The results of this part of the study show that all
above-listed factors have a direct impact on a decrease
in air pollution.

3. Prediction of Probable Benefits of Bypasses

A bypass, as a means of environment protection and
improvement on driving quality, was chosen due to the
importance of ecological aspects. Research data (Cuena
et al. 1995; Diakaki et al. 2000) illustrate that the benefits
of a bypass are obvious only when driving at a certain
speed: higher speed reduces travelling time. Higher ve-
hicle speed also reduces air pollution with exhaust fumes
and the noise generated by a moving vehicle (Baumol,
Oates 1988).

Let us consider the benefits of a bypass using mar-
ginal conditions: the bypass is 1/2 of the length of the
perimeter of a circle while the length of a direct route
equals to twice the perimeter of the same circle. The task
is to measure the speeds that would bring us from point
A to point C at the same time (Fig. 1).
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Fig. 1. An abstract scheme of bypass length

A bypass has benefits only when it takes less time
to travel from point A to point C. The distance AC when
travelling through the centre of the circle (point B) is:

ACB =2R. 7)
The distance AC when travelling through point E

is equal to half of the perimeter of the circle and makes
S=2nR. ®)
The distance is:

ACE =R 9

A comparison of the distances draws that
_ACE _mR _

- =——~1.57. (10)
ACB 2R

The obtained results show that travelling from point
A to point C through point E increases the distance by
1.57 times. This leads to a conclusion that to drive a ve-
hicle from point A to point C (using a direct route and
bypass), the travel speed through the bypass needs to be
1.57 times higher to reach point C at the same time. The
ratio of speeds is presented in Fig. 2.
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Fig. 2. Time and distance dependence (original)
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A definition of the emission of exhaust fumes (the
method of carbon monoxide measurement is the long-
est-used method for defining the emission of exhaust
fumes) is based on the theoretical emission curve pre-
sented in Fig. 3.

Let us compare the emissions of exhaust fumes
when taking a direct route in traffic jams at an average
speed of 20 km/h with taking the bypass at an average
speed of 40 km/h.

Using ECE 15-04 petrol would emit 17 g/km of fumes
at a speed of 20 km/h or 8 g/km at a speed of 40 km/h
(Fig. 3). Based on the abstract scheme (Fig. 1), taking the
bypass would increase the distance by 1.57 times.
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Fig. 3. The theoretical vehicle emission curve

Further data processing shows that taking a bypass
would reduce the emissions of carbon monoxide by 35%.

If EUROL1 petrol were used for the same conditions,
the results would be 5 g/km for the direct route and
2.5 g/km for the bypass. That means 27% less of carbon
monoxide when taking the bypass.

Diesel is a popular fuel among cargo and passenger
transport companies. Let us analyze the emissions of car-
bon monoxide based on this fuel type.

Uncontrolled diesel: 22 g/km emission at an aver-
age speed of 20 km/h and 49 g/h emission at an average
speed of 40 km/h.

Further data processing shows that the emissions
are the same. The numbers would be reduced if the aver-
age speed was higher — 40 km/h.

EUROL1 diesel: 19 g/km emissions at an average
speed of 20 km/h and 9 g/km at an average speed of
40 km/h. The results show that taking a bypass would
reduce the emission of carbon monoxide by 34.4%.

To sum up, taking the bypass at an average speed of
40 km/h instead of the direct route with an average speed
of 20 km/h reduces the emission of carbon monoxide de-
spite the fact that the distance is 1.57 times longer.
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4. Summary of Research Results

Research on emissions was carried out to estimate the
impact of bypasses on ecology. During this research, a
vehicle was driven alongside Vilnius streets and newly
built bypasses to measure the following entities:

- travel duration;

— travel distance;

- the number of traffic lights.

The carried out research included two stages. The
obtained results are presented in Tables 1 and 2.

Stage 1: Driving at the off-peak time.

This stage took place from 11:00 p.m. to 12:00 a.m.
Observations in the selected stretches were taken 3 times.
A summary of the received results is presented in Table 1.

Stage 2: Driving at the peak (rush hour) time.

This stage took place from 7:00 a.m. to 8:30 a.m. Ob-
servations in the selected stretches were taken 3 times. A
summary of the received results is presented in Table 2.

The modernization of a stretch of Pilaité Avenue re-
duced travel distance from 3.7 km to 3.1 km. The number
of traffic lights was reduced from 3 to 0 and speed limits
were increased from 50 km/h to 70 km/h. Off-peak driv-
ing time was reduced from 5.47 min to 4.03 min. Driv-
ing at the peak time was reduced from 15.26 to 8.06 min.
The average speed increased from 14.38 km/h to 45.92
km/h. This data leads to a conclusion that carbon mon-
oxide emissions were reduced from 23 g/km to 8 g/km,
which is 2.875 times less.

The modernization of a stretch of Laisvé Avenue
under a multi-level interchange with Ukmergeés street re-
duced travel distance from 1.4 km to 0.9 km. The number
of traffic lights remained unchanged. Off-peak driving
time was reduced from 2.51 min to 1.27 min. Driving
at the peak time was reduced from 7.43 to 2.53 min. The
average speed increased from 11.30 km/h to 37.24 km/h.
This data leads to a conclusion that carbon monoxide

Table 1. Research data on off-peak time

Stretch (before /after modernization) Travel time (min/s) Average speed Distance No of traffic lights
(km/h) (km)
Pilaités pr. after 4:03 45.9 3.1 0
before 5:47 38.4 3.7 3
Laisvés pr. - Ukmergeés g. after 1:27 37.2 0.9 2
before 2:51 29.5 14 2
Vilnius southern bypass after 3:58 52.9 3.5 0
before 11:00 25.6 4.7 10
Old-town southern bypass after 4:41 33.3 2.6 3
before 7:01 239 2.8 4
Gelezinio Vilko g. viaduct after 2:40 56.0 2.5 0
before 4:00 34.5 2.3 1
Multi-level road near after 2:28 432 1.8 1
‘Spaudos ramai’ before 3:56 29.2 1.9 3
Ulony str. after 0:42 42.8 0.5 1
before 2:39 38.3 1.7 1
Table 2. Research data on peak time (rush hour)
Stretch (before /after modernization)  Travel time (min/s) Average speed Distance No of traffic lights
(km/h) (km)
Pilaités pr. 12.75 mm 8:06 23.0 3.1 0
before 15:26 14.4 3.7 3
Laisvés pr. - Ukmergeés g. after 2:53 18.7 0.9 2
before 7:26 11.3 1.4 2
Vilnius southern bypass after 3:58 52.9 3.5 0
before 32:00 8.8 4.7 10
Old-town southern bypass after 6:03 25.7 2.6 3
before 15:20 10.9 2.8 4
Gelezinio vilko g. viaduct after 7:23 20.3 2.5 0
before 13:52 9.9 2.3 1
Multi-level road near after 3:04 37.2 1.8 1
‘Spaudos ramai’ before 14:43 7.7 1.9 3
Ulony g. after 2:46 10.8 0.5 1
before 7:03 14.6 1.7 1
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emissions were reduced from 28 g/km to 10 g/km, which
is 2.8 times less.

Vilnius Southern bypass reduced travel distance
from 4.7 km to 3.5 km. The number of traffic lights was
reduced from 10 to 0. Off-peak driving time was reduced
from 11.00 min to 3.58 min. Driving at the peak time
was reduced from 32.00 to 3.00 min. The average speed
increased from 8.81 km/h to 52.94 km/h. This data leads
to a conclusion that carbon monoxide emissions were re-
duced from 32 g/km to 7 g/km, which is 4.57 times less.

Vilnius Old-town southern bypass, a newly built
road, reduced travel distance from 2.8 km to 2.6 km. The
number of traffic lights was reduced from 4 to 3, speed
limits were increased from 50 km/h to 60+70 km/h.
Off-peak driving time was reduced from 7.02 min to
4.41 min. Driving at the peak time was reduced from
15.33 to 6.05 min. The average speed increased from
10.95 km/h to 33.33 km/h. This data leads to a conclu-
sion that carbon monoxide emissions were reduced from
30 g/km to 11 g/km, which is 2.7 times less.

Gelezinio Vilko street interchange, a new road, re-
duced travel distance from 2.5 km to 2.3 km. The number
of traffic lights was reduced from 1 to 0, speed limit was
increased from 50 km/h to 60 km/h. Off-peak driving
time was reduced from 4.00 min to 2.40 min. Driving at
the peak time was reduced from 13.52 to 7.38 min. The
average speed increased from 9.94 km/h to 56.00 km/h.
This data leads to a conclusion that carbon monoxide
emissions were reduced from 32 g/km to 7 g/km, which
is 4.57 times less.

An interchange near ‘Spaudos Riamai, a new
road, reduced travel distance from 1.9 km to 1.8 km.
The number of traffic lights was reduced from 3 to 1,
speed limits were increased from 50 km/h to 60 km/h.
Oft-peak driving time was reduced from 3.93 min to
2.47 min. Driving at the peak time was reduced from
14.72 to 3.07min. The average speed increased from 7.74
km/h to 43.20 km/h. This data leads to a conclusion that
carbon monoxide emissions were reduced from 34 g/km
to 8 g/km, which is 4.25 times less.

Ulony street, a new road, reduced travel distance
from 1.7 km to 0.5 km. Changes in speed limits gave
the following results: oft-peak driving time was reduced
from 2.65 min to 0.7 min. Driving at the peak time was
reduced from 7.05 to 2.77min. The average speed in-
creased from 10.83 km/h to 42.85 km/h. This data leads
to a conclusion that carbon monoxide emissions were re-
duced from 29 g/km to 9 g/km, which is 3.22 times less.

These results are based on theoretical carbon mon-
oxide emissions. Real emissions depend on the factors
described in the next chapter.

5. Relations between a Theoretical and Practical
Evaluation of Air Pollution Generated by Vehicle
Exhaust Fumes

Practical and theoretical (Fig. 3) data may differ due to
specific actions taken by the driver. Some of them are
listed in the recommendations for reducing vehicle emit-
ted exhaust fumes and fuel saving published by JAMA
(Japan Automobile Manufacturers Association):
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- Stopping the car gradually and avoiding aggres-
sive braking (speed reduction of 20 km/h in 5
seconds) leads to 11% improved fuel economy.

- Keeping the speed of a vehicle as constant as
possible. Sudden speed changes lead to lower
economy: in the city - 2%, on the highway - 6%.

- The maximal usage of braking with the engine
leads to 2% improved fuel economy.

- Using air-conditioning decreases fuel economy
by 12%, so it should be used only when neces-
sary.

- Stopping the engine of a vehicle immediately af-
ter arriving at destination. A running engine set
in neutral gear with the air-conditioning turned
off uses 100 grams of fuel every 10 minutes.

- No heating of the engine of the vehicle before
driving. Slowly beginning is enough.

- Planning the route in advance and marking it
on a map or satellite navigation is essential due
to the fact that 10 minutes of useless driving in
an hour’s journey decreases the fuel economy by
14%.

— Checking tire-pressure is important. Insufficient
pressure leads to a decrease in fuel economy: in
the city 2%, on the highway 4%.

- Avoiding unnecessary cargo. Every 100 kg of
cargo decreases fuel economy by 3%.

- Respecting car parking rules. Parking in prohib-
ited places may lead to traffic jams. Therefore,
speed reduction from 40 km/h to 20 km/h may
lead to the reduction of fuel economy by 30%.

6. Conclusions

1. The factors of ride quality on the roads are presented.
The significance of these factors is presented in a gen-
eral theoretical format of the vector.

2. The results of the conducted research on the probable
benefits of bypasses showed that:

- the average speed on a bypass should be 1.57
times higher than taking the direct route in order
to avoid the loss of travel time,

- vehicles, running on any kind of fuel, emit up
to 35% less of carbon monoxide on a 1.57 times
longer bypass driving at 40 km/h than taking the
direct route at 20 km/h.

3. Research data on the impact of Vilnius high-speed
streets (throughways) and bypasses on environment
pollution underline the following results:

- bypasses and high-speed streets generate less
noise due to the increased speed of vehicles;

- setting up bypasses and high-speed streets leads
to the reduction of carbon monoxide from 2.7 to
4.57 times;

— during off-peak time, driving speed on bypasses
and high-speed streets increases up to six times.
At the peak time, it is increased up to three times;

- setting up bypasses and high-speed streets reduc-
es traffic jams as well as travelling time (the latter
is reduced up to eight times at the peak time and
up to three times at the off-peak time);
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— the benefits of bypasses and high-speed streets is
up to 2.6 times higher at the peak time than those
at the off-peak time in terms of caused pollution,
travel speed and travel time.

4. Recommendations for drivers on the reduction of the
emission of exhaust fumes and improvement in fuel
economy are presented.
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