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Abstract

:

The section of Via Baltica going through the territory of the Republic of Lithuania is the most traffic intensive land logistics corridor in the country. The annual transportation volume has been increasing on this road; thus, the reduction of pollution caused by vehicles has become important. If gas emissions are regulated, and carriers have to pay pollution taxes, this does not apply to noise levels. The article presents the traffic intensity in this logistics corridor, measurements of the noise level at the characteristic points, its relation to the number of vehicles passing through it and an expert evaluation of proposed methods for noise energy reduction. Environmental noise is an unwanted or harmful sound that propagates in terms of both duration and geographical coverage. Noise is associated with many human activities, but road, rail and air traffic noises have the greatest impact. Due to irrationally arranged transport network, the transit flow of freight transport crosses residential areas of the city, places of rest and recreation of the population, causing high noise levels in adjacent areas. This is the biggest problem for the urban environment. Environmental noise affects many Europeans and is therefore considered by society to be one of the biggest environmental problems. This article presents an assessment of a new traffic noise algorithm. The presented expert survey on noise energy reduction allows choosing the most appropriate method for reducing noise energy in Via Baltica transport logistics corridor. Based on the expert survey, a hierarchical table for noise energy reduction was compiled. It will allow assessing the validity of individual noise energy reduction solutions. It has become relevant for improving infrastructure of other transport corridors and choosing the most appropriate solutions to reduce vehicle noise pollution. A further application of this model can be focused on economic evaluation, forecasting of expected benefits and so on.
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1. Introduction


With the development of the economy, freight transportation volumes have been constantly increasing, thus leading to the need to continuously search for methods to reduce their price and to choose the optimal method of transportation in a specific situation [1]. In terms of its geographic location, Lithuania is set out between the European transport logistics corridors both in the west–east and north–south directions. Traffic flow is very intensive in these directions [2]. Figure 1 illustrates passenger and freight transport flows. Thus, fully exploiting these aspects to increase the efficiency of the transportation process is very important [3,4]. The well-developed land road network allows quickly directing the freight flow in the right direction and delivering freight to any part of the country. Compared to other modes of transport, this is the most affordable and well-developed mode of transport with prospects of further development [5,6].



Transport corridors have been developed in Europe not only to improve transport opportunities [7], but also to develop a sustainable approach to the development of the transport sector itself [8]. The latest trends of having traffic flow carrying out the functions of communication [9] and freight transportation comprehensively integrated into the road infrastructure, which would ensure sustainable existence of the road-vehicle system, have been taken into account [10]. Such a symbiotic relationship is possible under several essential conditions: integrated monitoring systems [11], which are rapidly developed nowadays [12], given the expanding technological development of such systems and engineering-technological measures [13] that allow ensuring declarative requirements of European Union (EU) directives on rational use of resources and environmental standards [14]. Such development of transport corridors is essential in pursuit of sustainable interoperability of supply chains, the development of the intermodal transport sector and the implementation of sustainable transport not only globally anywhere in the world, but also at a local level, focusing on regional market development [15], which is in line with the universally accepted “just in time” concept [16]. Not only global transport corridors, which can offer massive flows of freight and passengers, but also local-regional transport corridors [17], the main goal of which is smooth distribution of freight and passenger flows in the region, have become increasingly important [18]. Smooth development of regions is one of the key priorities of the EU’s economic activity, which allows ensuring sustainable economic growth of regions focused on the specifics of the region itself [19]. Via Baltica transport corridor plays this role in Lithuania, and its specifics have been determined by Lithuania’s geographical location [20]. This corridor ensures rapid movement of freight and passengers in the Baltic States (Lithuania, Latvia and Estonia) from south to north, also acting as a connecting link between the EU and Eastern markets from east to west. The location of this corridor gives an impetus for increasing freight and passenger flows [21]. However, the current situation is more focused on road transportation, although it is worth noting that the East–West Transport Corridor II (going from east to west) and the RailBaltica (going from the south to north) rail projects are also developing very rapidly [22]. Thus, Via Baltica transport corridor has become highly promising, given the existing infrastructure, investment and the created prospects for the future [23]. It is a great example of sustainable and growing development and investment in other regions of Europe and the world [24]. Of course, it is important to mention that having identified the existing benefits of such a transport corridor, addressing problems related to its operation, the most important of which is pollution reduction, becomes necessary [25]. The specifics of the transport corridor offers the simplest solutions related to infrastructure changes that determine the level of pollution in the transport corridor itself [26]. The projected development of transport is currently more focused on autonomous non-polluting vehicles [27]. Of course, no traffic will dramatically change fast [28], but trends for the upcoming decades are clear—the number of air-polluting vehicles will decrease [29]. Another type of pollution, namely, acoustic pollution, is becoming very important, and will dominate in the future [30]. Therefore, the development of infrastructure of Via Baltica transport corridor requires choosing measures to ensure the reduction of this type of pollution. Freight transport generates the highest pollution levels in transport logistics corridors [31]. Usually, when talking about pollution, we focus on air pollution—the reduction whereof has received the most attention [32]. New environmentally-friendly vehicles are being developed, continuously making emissions requirements more stringent [33], companies pay pollution taxes, etc., understanding that the level of this pollution is the highest and respective measures for putting it under control are necessary [25,34,35]. Noise pollution in logistics corridors should also receive due attention [36,37]. This type of pollution also has a huge impact on the environment and the quality of life of people living next to it; vibrations caused thereby directly affect the elements of the road infrastructure, including bridges, viaducts, adjacent buildings and others [29,38]. To this end, noise barriers are now being built to protect residents living near the road against noise, but no other alternatives to protection against noise have been considered, disregarding complex solutions to this problem combining various noise reduction measures [39,40].



Several aspects for the selection of noise reduction measures have also been distinguished, including the drafting of documentation which allows successfully implementing the planned measures [41]; compatibility of infrastructure with infrastructure of cities adjacent to the transport corridor [42]; assessment of environmental risk factors [14]; and the impact of infrastructure elements [43] themselves (exits, roundabouts, pedestrian crossings, etc.) on noise levels [44].



For many years, noise has been known to have an adverse effect on human health, also adversely affecting the surrounding environment [45,46,47]. Noise is defined as undesirable or harmful sound from the outside, spreading in terms of both duration and geographic coverage. The volume of noise depends on traffic intensity. With the expansion of transport infrastructure, environmental noise also increases [48,49].



Increased vehicle traffic leads to noise levels exceeding the permissible limits, thus causing harm to people’s health [50]. The latest research states that noise poses a higher risk to human health when it is 65 dBA during the day and 55 dBA at night. Noise can have both physical and psychological effects, disturbing such basic everyday human activities as sleep, rest, education and communication [51]. Noise has an adverse effect on the entire body and hearing in particular [52,53]. The effects of noise on the human body can be divided into specific and non-specific [54]. Specific effects include [55]: 1. Acoustic trauma caused by short-term exposure to high-intensity noise. In such a case, the sound pressure is so high that the eardrum perforates and the sound energy in the inner ear causes severe mechanical damage, including effusion of blood in the inner ear and irreversible damage to hearing nerve receptors; 2. listening fatigue, which is a temporary decrease in hearing sensitivity that develops over a long period of time (hours or days) under intense noise; 3. noise-induced hearing loss, when a person stops hearing high-frequency sounds only, and thus does not feel the hearing loss yet. As noise continues, the disease progresses, and the person also stops hearing medium and low frequency sounds, leading to a hearing impairment and a partial or total hearing loss [56].



Noisy environment is annoying, leading to fatigues, poor attention, exhausted nervous system and serious health disorders, including mental and psychological problems [57,58,59].



National surveys show that residents of the majority of European countries have been increasingly complaining about environmental noise [60]. Environmental noise affects many Europeans, and is therefore considered by the society to be one of the biggest environmental problems [59]. It can harm people both physically and psychologically by interfering with 14 of their main activities, including sleep, rest, learning and communication [61].



According to forecasts, in the upcoming 20–25, traffic intensity will cause noise levels to increase by an average of 0.5–1 dBA per year in the major cities of Central and Eastern Europe. If no noise reduction measures are taken, an increase of traffic flow of 25% will result in 1 dBA noise level increase. This threat is likely to further increase with increasing freight volumes—the more freight is carried by road transport, the greater the noise pollution will be [62].



The use of electric vehicles is one of options for reducing noise levels [63]. The development of electric vehicles has allowed reducing noise levels, but it cannot be eliminated altogether. Noise depends mainly on the average speed of traffic [64], the road surface [65], the driving style and ambient air conditions [66,67]. When using electric buses in Germany at high and low speeds, the difference in noise levels was 14 dB (A) [68]. The most effective measure, according to the example of the city of Gothenburg (Sweden), was choosing low-noise tires and road surfaces to reduce noise. However, it should be noted that these measures have been used on well-developed road infrastructure, and the improvement and development of such infrastructure contributes to noise reduction the most [69].



Obviously, the decision-making process itself becomes very complex and requires a specific algorithm to achieve the best result in assessing the current level of infrastructure development [70]. On the other hand, factors reflecting the economic and political situation of the country [71] and a comprehensive multi-criteria assessment [72] are also becoming important. The latter is only possible when there is a large statistical database which allows properly making cost-effective decisions. However, assessing all the factors together is very difficult [63]; thus, expert evaluation is usually used. This allows making competent decisions using expert knowledge and experience, as they have a deeper understanding of the specifics of use of the existing object. The problem of the article—the adverse impact of transport noise on the environment in Via Baltica logistics transport corridor—and its object, which is a search for ways to reduce freight transport noise levels, were developed in light of a threat to the public and the environment.



The main goal—to identify the most suitable methods for solving noise-related problems in Via Baltica transport logistics corridor in application of the expert survey method—was set to reveal the relevance of the topic of the Article.




2. Materials and Methods


2.1. Substantiation of the Selection of the Transport Logistics Corridor


Road transport noise is an external sound hazardous to humans, which forms in presence of high intensity vehicle traffic. Via Baltica cross-border transport corridor passing through the territory of Lithuania is considered one of the most intensive road sections (Figure 1) which freight vehicles use for transit and local freight carriage (Figure 2). Figure 2 illustrates the scale of heavy transport in Via Baltica corridor (marked in green, emphasizing that the higher the traffic, the wider the marking line), comparing it with the total traffic in the corridor (Figure 1, marked in grey) [73].The presented diagram (Figure 1a) allows stating that the number of vehicles passing through Via Baltica cross-border transport corridor and the percentage share of freight vehicles in the overall traffic flow has been increasing each year; it decreased in 2009 alone due to the economic crisis. Lately, the total number of vehicles increased by 4.5% and the number of freight vehicles grew by 7.3% compared to 2012. The percentage share of freight transport in the total traffic flow reveals that freight vehicles account for more than a half of vehicles going in this transport corridor (Figure 1b and Figure 2) [73].



Thus, this particular cross-border transport logistics corridor was chosen for the research in order to determine if noise disseminated by intensive movement of road vehicles does not exceed the permissible noise level and identify the factors that determine the noise pollution level.




2.2. Research and Expert Evaluation Methodologies


The research consists of two parts: the aim of the first part of the research was to physically evaluate the noise in the selected Via Baltica road sections and to analyze the data obtained by systemizing, while the aim of the second part of the research was to conduct an expert evaluation using the results of the first part and the widely used noise reduction measures in order to assess the reasonability of complex problem solving: 1. Noise measurement points were selected on the most densely populated sections of Via Baltica: (Kaunas—286,754 inhabitants, Ramygala—1733 inhabitants; Pasvalys—7077 inhabitants [74], see Table 1). The measured noise must be as close as possible to the noise the characteristics whereof are to be examined, therefore the measurement conditions and equipment meets the main requirements of the International Standard ISO 1996-2: 2017 [75]. The noise level meter RS-232 was chosen for the measurements, the sound level measurement software of which calculates the average sound level value in the desired location, otherwise known as the equivalent sound pressure level, with the microphone converting the audio signal to an equivalent electrical signal in a quick and normal manner. After estimation filters process the signal, the sound pressure level is displayed on the meter screen in the physical unit of measure—the decibel (dBA). The sound pressure level values are updated every second in the analyzer. Moreover, the latter device is protected from wind, thus while measuring, wind gusts have no impact on noise level results. Considering the requirements, the microphone of the device was kept at a distance of 7.5 ± 0.2 m from the test road reference line and 1.7 ± 0.2 m from the ground. Moreover, the axis of the maximum sensitivity of the micro-phone was horizontal and perpendicular to the vehicle’s driving axis. Figure 3 illustrates the noise level measurement scheme. The aim of the examination of the road transport noise level is to determine and evaluate if the intense movement of road vehicles is harmful to the public, especially local population. Therefore, the equivalent sound pressure level measured in the Via Baltica transport corridor is compared to the noise limit values set in the Hygiene Norm HN 33: 2011 “Noise limit values in residential and public buildings and their environment” [76], also trying to determine the impact of road freight transport on noise levels.



The research was conducted on 6–8 September 2018, when weather conditions were in line with main ISO 1996-2: 2017 standard requirements: it was not raining and the highest temperature ranged from 18 to 22 °C during the day, from 13 to 15 °C in the evening and from 8 to 12 °C at night. Wind speed and direction did not have to be considered during the research, because the noise meter was protected from its effects.



Since the Hygiene Norm HN 33: 2011 sets the limit equivalent noise level values (noise-induced stimulation rate) for the day (6 a.m. to 6 p.m.), evening (6 p.m. to 10 p.m.) and night (10 p.m. to 6 a.m.) time, the research was carried out in these intervals of time—during the day, in the evening and at night. The measurement duration (30 seconds), which does not adversely affect the results, was chosen in light of the fluctuations of road transport flows.



The place of research was chosen on the basis of the following main criteria: the intensity of road freight transport and settlements set out along the driveway. The Via Baltica cross-border transport corridor passing through the territory of Lithuania is considered to be the most intensive road for road freight transport. The transport corridor, which stretches about 267.5 km in the territory of Lithuania, goes through or nearby settlements. When designing the trajectory of this road, the aim was to ensure that the road section was as far away from densely populated areas as possible; however less densely populated areas were disregarded. Therefore, measurement places on Via Baltica road were chosen in settlements or nearby them, where noise level becomes an important factor, especially for the locals. In the course of the research, five highway road sections (see Table 1) were measured, and there were no noise barriers or other noise reduction measures set up along them.



Having measured the noise and evaluated the results of the measurement, the second stage of the research, i.e., the expert evaluation, was carried out.



The essence of the expert evaluation method is the possibility to rationally organize the analysis of a problem with quantitative assessment of opinions conducted by experts and the processing of their results.



The credibility of evaluations of a group of experts depends on the competence, the level of knowledge of each individual expert and the number of members involved. Experts are proficient in their field; thus, the more members in the group, the more reliable are the results. A competence coefficient is used to assess the degree of competence of experts.



In expert evaluation fewer questionnaires are sent, because respondents are more competent, their knowledge of the field is deeper and there are much fewer respondents in the expert evaluation compared to a standard questionnaire survey. The accuracy and objectivity of the answers is also higher. One of the most important characteristics of experts is their competence; therefore, experts were subjected to requirements related to competence and experience in the field of study. Sometimes having a diploma or certificate is enough to certify competence, but the selection of experts was conditional on the expert being a leader in the field of study. In order to retain the accuracy and reliability of expert evaluation, the recommendation is to have at least 5 experts in the expert group. However, sometimes there may be several dozen experts, and the minimum recommended group size is 3 experts. Many researchers believe the optimal group size to be 8 to 10 experts [77,78,79,80]. When compiling a list of experts, the recommendation is to include in the group not only representatives of the field of study being analyzed, but also representatives of related fields of study [81]. The final stage in the expert evaluation is the analysis and registration of the data received, obtaining the results and refining causes and problem areas. The following methodology was chosen to process the survey data.



Having conducted the expert survey, the data received are processed. The processing is necessary in order to receive summarized data and new information in expert evaluation form. A problem solution is formed according to the processing results.



If the correlation between the two expert opinions examined can be quantified by the correlation coefficient. The concordance coefficient shows the degree of concordance of the expert group, if there are more than two experts.



The calculated sum of squares of deviations of all criteria ranks from the average S shows how different the expert evaluation is from total evaluation average. Thus the reliability of the examination may be expressed as the coefficient of concordance of expert opinions W, which shows the degree of proximity of individual opinions [82,83]. The set of the values of the coefficient of concordance is [0,1], i.e., 0 ≤ W ≤ 1. The higher the W, the greater is the correlation of variables. When all the rankings match, W = 1.



In the course of the expert evaluation, experts were asked to assign scores of importance to the objects based on their knowledge, experience and feeling. The obtained criteria were coded in the following procedure: experts E1, E2, …, En, criteria X1, X2, …, Xm. Expert evaluations presented in questionnaires completed by them were entered in a table.



The group of experts n evaluated m objects from the quantitative perspective. The evaluations make up the matrix of n rows and m columns [83]. Any scale of measurements can be adapted for the evaluations, including in indicator units, shares or percent of the unit, in a ten-point system. The ranking of expert indicators can be used to calculate the coefficient of concordance.



Ranking is a procedure when the most important indicator is conferred a rank equal to one, the second indicator gets the second rank and the last indicator—m rank (m—number of comparative indicators). After expert indicators are received, the concordance of their opinions is determined calculating the Kendall’s coefficient of concordance W. Table 2 presents dependencies necessary to make calculations.





3. Results


Given the description of the course of the research methodology, this section will discuss the results obtained in two stages: (1) results of physically assessed noise in the selected sections of Via Baltica (Section 3.1), (2) presentation of results of the conducted expert evaluation based on the results obtained and the commonly used noise reduction measures analyzed in scientific literature, which will be used as a basis for assessing comprehensive validity of the problem solution (Section 3.2).



3.1. Noise Research Results


Considering the geographical position of the Via Baltica cross-border transport corridor, it can be stated to be important internationally and locally, so the transportation of freight in this section is inevitable. The five measurement points were in settlements or nearby them, with no noise barriers set up next to the driveway. The settlements were chosen disregarding the population density, because the noise level is relevant regardless of the number of people suffering from its impact on health.



Values of the equivalent noise level were measured during the research, when measurements were made at the set intervals of the day, evening and night time. In addition, the number of vehicles going in both directions was presented, separating the number of cars and freight vehicles calculated during the measurement period, i.e., in 30 seconds. In order to evaluate the deviation of the measured noise values from the maximum permissible values, the limit values of the equivalent noise level in the environment of residential buildings (houses) and public buildings (except for catering and cultural buildings) regulated by the Hygiene Norm HN 33: 2011 affected by transport noise during the day, evening and at night are presented.



The comparison of the equivalent noise level values measured during the research with the limited equivalent noise level values regulated by the Hygiene Norm HN 33: 2011 (Figure 4) allows stating that the permissible level during the day, evening and at night was exceeded in all measurement points. Moreover, the majority of noise is caused by heavy trucks, because the percentage share of these vehicles in the overall traffic flow is greater than that of cars. Thus, residents, who live nearby the main roads of Lithuania with intensive traffic of trucks, are constantly exposed to the noise level, which is harmful to health and unacceptable. Roads have been marked according to markings used by the Road Administration of the Republic of Lithuania, presenting marking details in Table 1.



When examining the road traffic noise, not only the current noise level, but also the factors that have the greatest influence on the noise pollution level, i.e., which vehicles are the noisiest, must be taken into consideration. When carrying out the research, two categories of vehicles were distinguished: passenger cars and heavy freight vehicles the total weight whereof is over 3.5 tons. Based on the assumption that freight vehicles are among the largest sources of noise and their traffic on the Via Baltica cross-border transport corridor is the most intensive, the dependencies of equivalent noise levels on the percentage share of heavy vehicles in the total traffic flow during the day, evening and at night were identified (Figure 4).



The presented diagrams allow stating that the actual (real) noise level, which was measured in five points of Via Baltica cross-border transport corridor exceeds the limit values of equivalent noise level regulated by the Hygiene Norm 33:2011 24 hours a day: by an average of 13 dBA during the day and 17 dBA—in the evening and at night, which means that noise pollution caused by road transport has an adverse effect on the health of people living, studying or working in the surroundings of the logistics corridor. The presented diagrams reveal the trend that in the presence of a higher percentage share of heavy vehicles in the traffic flow, the equivalent noise level is also higher.



Generally speaking, the equivalent noise level values captured using the noise meter in the selected five measurement points of Via Baltica cross-border transport corridor passing through the territory of Lithuania during the day, evening and at night shows that compared to the limit equivalent noise level values regulated in the Hygiene Norm HN 33: 2011, the noise level was exceeded 24 hours a day on the main roads of Lithuania where vehicle traffic is intensive. The data obtained during the research allow stating that freight vehicles have the greatest impact on road transport noise level—the percentage share of these vehicles in the traffic flow in particular determines the noise level. Residents can be assumed to suffer from the noise level harmful to their health not only at the measurement points, but also on all roads with continuous freight vehicle traffic.




3.2. Expert Evaluation Results


Questions related to noise reduction measures in Via Baltica transport logistics corridor were presented for the expert evaluation. Considering the opinion of many researchers that the optimal group size is 8 to 10 experts, 10 experts with 15 years of experience in the field of transport engineering at the least, constantly working in transport-related areas took part in our conducted expert evaluation.



Given the act that one of the most intensive logistics corridors, Via Baltica, was chosen in the case of Lithuania, the aim of the expert evaluation was to examine which noise reduction measures would be the most efficient in Via Baltica logistics corridor (Table 3).



The coefficient of concordance was calculated in the absence of any linked ranks.


  W =   12 S    n 2   (   m 3  − m  )    =   12 × 74     10  2  ×  (   3 3  − 3  )    = 0.37  



(1)







The number of the examined most efficient noise reduction methods in Via Baltica logistics corridor, m > 7. This is when the weight of the coefficient of concordance is calculated according to formula (10) and a random value is obtained.


   χ 2  = n  (  m − 1  )  W =   12 S   n m  (  m + 1  )    =   12 × 74   10 × 3  (  3 + 1  )    = 7.4  



(2)







The calculated value of χ2 was 7.4 and was higher than the critical value    χ 2     k r     (equal to 5.99147) thus the opinion of respondents is considered concordant, while the average ranks show the general opinion of experts. The lowest value of the coefficient of concordance Wmin calculated according to formula presented in Table 2 allows stating that the opinions of all 10 respondents on the 3 most efficient noise energy reduction measures in Via Baltica logistics corridor still are considered concordant.


   W  min   =    χ  ν , α  2    n  (  m + 1  )    =   5.99147   10  (  3 − 1  )    = 0.2996 < 0.3700  



(3)







The calculations made reveal that the opinions of 10 respondents on the 3 most efficient noise reduction measures in Via Baltica logistics corridor match and the opinion of experts is concordant.



Indicators of importance of the 3 most efficient noise reduction measures in Via Baltica logistics corridor Qj were calculated. Table 4 presents the data received.



Table 4 also illustrates all factors and their arrangement from the most to the least important.



According to the expert evaluation and the conducted calculations, the following is the sequence of the most efficient noise reduction methods in Via Baltica logistics corridor:




	
Design and installation of noise energy absorbing elements;



	
introduction of additional taxes which would be designated for the development of noise energy reduction infrastructure;



	
time restrictions for heavy trucks.








Application of these selected measures would result in a different effect. At least three expected results could be distinguished in each group, but predicting which one of them is the most efficient is difficult; therefore, an expert evaluation was used.



When evaluating the effect of design and installation of noise energy absorbing elements, data of the survey of ten experts were randomly entered in Table 5.



The coefficient of concordance was calculated according to formula presented in Table 2 when there are no associated ranks.


  W =   12 S    n 2   (   m 3  − m  )    =   12 × 98     10  2  ×  (   3 3  − 3  )    = 0.49  



(4)







The number of the examined effects of the results of design and installation of noise absorbing elements, m > 7. This is when the weight of the coefficient of concordance is calculated and a random value is received.


   χ 2  = n  (  m − 1  )  W =   12 S   n m  (  m + 1  )    =   12 × 98   10 × 3  (  3 + 1  )    = 9.8  



(5)







The calculated value of χ2 was 9.8 and was greater than the critical value    χ 2     k r     (equal to 5.99147); thus, the opinion of respondents is considered concordant, while average ranks show the general opinion of experts. The lowest value of the coefficient of concordance Wmin was calculated according to formula presented in Table 2 stating that opinions of all 10 respondents about the effect of the results of design and installation of 3 noise energy absorbing elements are still considered concordant.


   W  min   =    χ  ν , α  2    n  (  m + 1  )    =   5.99147   10  (  3 − 1  )    = 0.2996 < 0.4900  



(6)







The calculations made reveal that the opinions of 10 respondents on the effect of the results of design and installation of 3 noise energy absorbing elements match and the opinion of experts is concordant.



Indicators of importance Qj of the effect of the results of design and installation of 3 noise-absorbing elements were calculated. Table 6 presents the data received.



Table 6 presents all the factors and their arrangement from the most to the least important.



According to the expert evaluation and the calculations made, the following is the arrangement of the effect of the results of the design and installation of noise energy absorbing elements:




	
The noise level would decrease to the permissible level nearby settlements alone;



	
the noise level would decrease to the permissible level throughout the entire Via Baltic section;



	
such a measure would be inadequate and would not prove suitable.










4. Discussion


In order to reduce noise energy in international corridors, according to the results of research and expert evaluation, it is recommend to use this new algorithm (Figure 5).



The efficiency of measures aimed at reducing noise caused by freight transport, can be summarized as follows:


   ζ   y ¨     ( a )  =  {      0 ,   a <  y 1          a −  y 1     y 2  −  y 1    ,    y 1  ≤ a ≤  y 2          a −  y 3     y 2  −  y 3    ,   a >  y 3        0 ,   a >  y 3         



(7)




where the maximum efficiency can be defined by 1, and the lowest one 0. Here: y1—the application of political measures, y2—application of economic instruments, y3—application of engineering measures, a—the effectiveness of the measures,    ζ   y ¨     —efficiency indicator.



The boundary conditions for determining the effective solution [84,85]. Political decisions are always positive (politicians strive to please voters), therefore y1 must always be positive. If it is negative, the efficiency is equal to zero. Economic instruments y2 are the cornerstone of noise reduction, because only with adequate funding and reasonable cost-effectiveness of the solution justifies any solution or technology for noise energy reduction. Engineering solution y3 does not have to go beyond the scope of efficiency, since using any engineering technology it needs to be economically viable so that the noise energy reduction process itself succeeds [86,87,88,89].



On the other hand, the rapid development of technological processes leads to the emergence of new technologies, the adaptation of which in this section would be very complicated. Therefore, the excessive orientation still in the unprofit technology reduces the efficiency to zero.



Policy decisions can be defined as the multiplication of many aspects that affect the overall efficiency of noise energy reduction:


   y 1  =   ∏  a   |   b  1 … 4    |  ,   0 ≤  b i  < a  



(8)




where: b1—creation of new legal acts, b2—design and installation of noise energy absorbing elements, b3—additional fees, b4—limitation of the movement of trucks.



It is understood that for the political decision, the multiplication of all listed (b1…4) solutions has a direct influence, which determines the dependence of these decisions on each other   b ∈ i  ,  i  = 1…4. Therefore, overall a good political will is directly influenced by the sum of all the members’ multiplication. It should be emphasized that this process is variable and the importance of its members can vary from the political realities of the country:


    lim   b → ∞      (  1 +  1 b   )   b   



(9)







The economic decision (y2) is predominant and highly dependent on a political decision (y1):


   y 2  ∈ ∥  y 1  ∥  



(10)







According to this, we must follow the absolute value of political decisions, because it is important for us to determine the economic value, and then, after its sign, i.e., the benefit or the loss, which aspects, b1…4, influence the heavyweight noise energy reduction [54,90,91].



Application of engineering measures (y3) is a more recent assessment of the two measures, which defines the possibilities for its application:


   y 3  =   ∏   i = 1  a   y i  ,   i = 1 … 2  



(11)







The measures taken, after considering the aspects, would allow the implementation of the expected results that could be related to dependence:


  υ =      b 1       ⋮       b i       [        ν ˜   11      ⋯      ν ˜   1 n        ⋮   ⋱   ⋮        ν ˜   i 1      ⋯      ν ˜   i n        ]   



(12)




where ν is the expected result: the noise level would be reduced to permissible only at the settlements; the noise level would be reduced to the permissible level throughout the Via Baltica; such a measure would be inadequate and ineffective [60,68,92,93].



We can express the sensitivity between negative and positive expected results:


       ν n +  =    max  ⏟  i   {   ν  i n    }  ,    b +  =  [   b 1 +  ,   …  b n +   ]          ν n −  =    max  ⏟  i   {   ν  i n    }  ,    b −  =  [   b 1 −  ,   …  b n −   ]    θ ∈      ν n +         ν n −            



(13)







Implementation of measures to reduce noise energy will directly affect the expected results   ( ν )   and can be expressed as dependency:


  θ ∈      ν n +         ν n −       



(14)




where  θ  is the result of implemented noise energy reduction.



When determining the noise levels caused by transport in the transport logistics corridor, the relation between the number of passing vehicles (both passenger cars and trucks) and the measured noise energy level becomes very important. The results of this correlation allow offering action plans for reducing the noise level for each section of this transport logistics corridor.



Figure 6 illustrates the correlation between the noise level and vehicles, the trends whereof allow deciding on urgent installation of elements or further monitoring of this corridor in order to better identify the reasons for the measured noise levels.



Figure 6 illustrates the correlation between the noise level and vehicles. Its trends allow concluding that vehicle noise reduction measures must be installed immediately or this corridor section should be further monitored in order to more accurately identify the reasons for the formation of this noise energy.



Direct dependency between the measured noise energy level and the number of passing vehicles was not observed in all sections of Via Baltica transport logistics corridor. These values perfectly correlate in sections A1 and A10, and this correlation between the measured noise energy level and the number of vehicles was not observed in sections A5 and A8 (Figure 6a,d) altogether, especially when talking about freight vehicles. Thus, the installation of noise reduction measures in the first three road sections can be stated to be mandatory, while separate monitoring is necessary in the latter two sections for refining noise level dependency on the factors that determine it. The following step of the research would be an expert evaluation of noise reduction opportunities, which would mainly apply to sections A1, A10 and A17, while the remaining sections would be monitored.



According to this research, other countries can use this algorithm for the development of similar transport corridors around the world. The most important is the aspect of adaptability of our recommended methodology. The transport logistics corridor Via Baltica is a specific regional corridor in Europe, serving as a link between east and west and between south and north. Corridors of this type are being developed around the world, they are unique in their purpose, infrastructure development and the like. Therefore, providing for algorithms for infrastructure development in order to justify possible options for reducing noise pollution is important, taking into account many criteria, such as traffic flow and structure, geographic location, etc. The implementation of the algorithm at this stage of decision-making is a criterion that determines the economic and social level of investment. Therefore, the adaptability of implemented solutions is one of the aspects important for the development of infrastructure of other transport corridors.




5. Conclusions


The Via Baltica transport logistics corridor in the territory of the Republic of Lithuania is the most exploited land transport section in the transportation of freight and passengers in the country. Despite the economic crisis year, its load has been steadily increasing, and trucks accounts for the major share of this growth.



The noise level exceeds hygiene norms throughout the entire Via Baltica transport logistics corridor by 13.8–18.7 dBA (HN 33:2011) regardless of the time of day.



Noise level was determined not to correlate with the number of passing vehicles in the entire transport logistics corridor; thus, further proposals were drafted solely for those sections of the corridor where this correlation was present; a decision was made to continue monitoring other sections of the corridor in order to discover the reason for the noise level.



Having conducted expert evaluation of offers for choosing noise energy reduction measures, the following measures were determined to be most efficient in the Via Baltica transport logistics corridor in terms of importance: design and installation of noise absorbing elements; introduction of additional taxes which would be designated for the development of noise reduction infrastructure; time restrictions for trucks.



The purpose of this article was to develop an algorithm/methodology for noise reduction. Therefore, financial aspects have been disregarded, as this may be the object of further research. We have not made comparisons with other countries, because infrastructure of highways in the majority of European countries already have these measures in place, while infrastructure in Lithuania, which is an intersection between east and west and has intensive traffic flows, is not yet developed that well. In addition, calculations of this nature could be the object of further research. Further research could be focused on financial calculations of the implementation of the proposed mechanism/algorithm for specific sections of the corridor and the forecasting of the expected implementation results.
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Figure 1. Change of the average annual daily traffic intensity in Via Baltica transport corridor: (a) total intensity; (b) trucks intensity. 
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Figure 2. Change of the average annual daily traffic intensity in Via Baltica transport corridor. 
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Figure 3. Noise measurement scheme. 
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Figure 4. Equivalent noise level and the share of freight vehicles in the total traffic flow: (a) during the day (6 a.m. to 6 p.m.); (b) during the evening (6 p.m.–10 p.m.); (c) at night (10 p.m.–6 a.m.). 
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Figure 5. Mechanism of noise level reduction in international corridors. 
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Figure 6. Correlation between the measured noise level (A) and vehicles: passenger cars (B) and trucks (C), where: (a) road A1; (b) road A5; (c) road A8; (d) road A10. 
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Table 1. Noise measurement points in Via Baltica transport logistics corridor.
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	Transport Corridor Section
	Measurement Point
	Maximum Permissible Speed, km/h





	A1 Vilnius—Kaunas—Klaipėda section from 102 km to 114 km
	At 102.36 km of the section (in Kaunas)
	80



	A5 Kaunas—Marijampolė—Suvalkai section from 0 km to 96 km
	At 15.5 km of the section (Jonučių settlement)
	80



	A8 Panevėžys—Aristava—Sitkūnai section from 8 km to 88 km
	At 25 km of the section (in Ramygala)
	50



	A10 Panevėžys—Pasvalys—Ryga section from 9 km to 66 km
	At 39 km of the section (nearby Pasvalys city)
	70



	Section of A17 Panevėžys Bypass from 0 km to 22 km
	At 9.4 km of the section (Paviešečių settlement)
	70
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Table 2. Dependencies necessary for carrying out an expert evaluation.
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	Parameter Name
	Formula





	Kendall’s coefficient of concordance
	    R j  =    ∑   n = 1  n    R  i j     



	Sums of R squares S (dispersion)
	   S =    ∑   j = 1  m      (   R j  −  R ¯   )   2    



	Total average
	    R ¯  =     ∑   j = 1  m   R  i j    m  =     ∑   i = 1  n    ∑   j = 1  m   R  i j    m    



	Sum of n indicator rankings of all n experts
	      ∑   i = 1  n    R  i j   =  1 2  n  (  m + 1  )    



	Total average
	    R ¯  =  1 2  n  (  m + 1  )    



	Average rank of each criterion R
	      R j   ¯  =     ∑   i = 1  n   R  i j    n    



	Coefficient of concordance when there are no associated ranks
	   W =   12 S    n 2  m  (   m 2  − 1  )    =   12 S    n 2   (   m 3  − m  )      



	Sum of squares S of deviations of ranks R of each criterion from the average rank
	   S =    ∑   j = 1  m      (     ∑   i = 1  n    R  i j   =  1 2  n  (  m + 1  )   )   2    



	Sum of squares S in an ideal approved case
	    S  max   =    n 2  m  (   m 2  − 1  )    12     



	Pearson’s χ2 criterion
	    χ 2  = n  (  m − 1  )  W =   12 S   n m  (  m + 1  )      



	Lowest value of the coefficient of concordance Wmin
	    W  min   =    χ  υ α  2    n  (  m − 1  )      



	Reverse value of the criterion q
	    d j  = 1 −   q ¯  j  = 1 −     R ¯  j      ∑   j = 1  m   R j      



	Criteria importance indicators
	    Q j  =    d j      ∑   j = 1  m   d j    =    d j    m − 1     



	Importance of criteria of the object being evaluated by experts
	    Q j ′  =    (  m + 1  )  −   R ¯  j      ∑   j = 1  m   R j      
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Table 3. Table of received evaluation ranks.
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Factor Encryption Symbol (m = 3) *




	
a

	
b

	
c






	
      ∑   n = 1  n    R  i j     

	
13

	
24

	
23




	
      R j   ¯  =     ∑   i = 1  n   R  i j    n    

	
1.3

	
2.4

	
2300




	
      ∑   i = 1  n    R  i j   =  1 2  n  (  m + 1  )    

	
−7

	
4

	
3




	
      [     ∑   i = 1  n    R  i j   =  1 2  n  (  m + 1  )   ]   2    

	
49

	
16

	
9








* Criteria coding: design and installation of elements absorbing noise (a); time restrictions for heavy trucks (b); introduction of additional taxes which would be designated for the development of noise reduction infrastructure (c).
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Table 4. Ranks evaluation table.
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Indicator Sign

	
Factor Encryption Symbol

	
Sum




	
a

	
b

	
c






	
     q ¯  j    

	
0.2167

	
0.4000

	
0.3833

	
1




	
    d j    

	
0.7833

	
0.6000

	
0.6167

	
2




	
    Q j    

	
0.3917

	
0.3000

	
0.3083

	
1




	
    Q j ′    

	
0.4500

	
0.2667

	
0.2833

	
1




	
Factor arrangement

	
1

	
3

	
2
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Table 5. Table illustrating the ranks of the received evaluations.
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Factor Encryption Symbol (m = 3) *




	
a

	
b

	
c






	
      ∑   n = 1  n    R  i j     

	
20

	
13

	
27




	
      R j   ¯  =     ∑   i = 1  n   R  i j    n    

	
2

	
1.3

	
2.7




	
      ∑   i = 1  n    R  i j   =  1 2  n  (  m + 1  )    

	
0

	
−7

	
7




	
      [     ∑   i = 1  n    R  i j   =  1 2  n  (  m + 1  )   ]   2    

	
0

	
49

	
49








* Criteria coding: the noise level would decrease to the permissible level throughout the entire Via Baltic section (a); noise level would decrease to the permissible level near settlements alone (b); such a measure would be inadequate and would not prove suitable (c).
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Table 6. Table illustrating the evaluation of ranks.
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Indicator Sign

	
Factor Encryption Symbol

	
Sum




	
a

	
b

	
c






	
     q ¯  j    

	
0.3333

	
0.2167

	
0.4500

	
1




	
    d j    

	
0.6667

	
0.7833

	
0.5500

	
2




	
    Q j    

	
0.3333

	
0.3917

	
0.2750

	
1




	
    Q j ′    

	
0.3333

	
0.4500

	
0.2167

	
1




	
Factor arrangement

	
2

	
1

	
3
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