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Abstract

:

Low-noise pavements are used as an effective method of traffic noise mitigation. Low-noise pavements reduce the noise that arises due to interactions between tires and road surfaces (tire/road) via the implementation of three main components: low pavement roughness, negative pavement texture, and a high pavement air-void content. The tire/road noise reduction capabilities of the wearing layer vary depending on the aggregate type, gradation, bitumen and air-void content, and density. Consequently, the demand for an accurate tire/road noise prediction model has arisen from the design of asphalt mixtures. This paper deals with how asphalt mixture components of the wearing layer influence tire/pavement noise reduction and presents a model for tire/road noise level prediction based on the asphalt mixture composition. The paper demonstrates that the noise reduction level of low-noise asphalt pavements is dependent on the composition of the asphalt mixture. Asphalt wearing layer mixture composition parameters were tested in the laboratory from cores taken from 18 road sections, where acoustic properties were measured using a close-proximity (CPX) method. The proposed linear model is based on the bitumen amount, the air-void content of the mixture and aggregate shape and involves materials that comply with the general requirements for high-quality asphalt mixtures. The model allows for the prediction of the tire/road noise level at the asphalt mixture design stage using asphalt mixture components and volumetric properties. The proposed model is the first stage in the building of a complex model with a much wider range of low-noise asphalts components, pavement profile depth and CPX-value relationships.






Keywords:


tire/road noise; close-proximity method; CPX; low-noise asphalt; low-noise pavement; acoustic properties; noise prediction; prediction model












1. Introduction


Over the past several decades, society and authorities’ demands for an unpolluted, health-friendly, and reduced traffic noise environment have increased dramatically. According to the World Health Organization, every year traffic noise induces cardiovascular disease in at least 1 million Europeans [1]. Annual social economic expenses of traffic noise exceed 40 billion EUR, of which 90% were caused by road-transport-generated noise [2]. Road transport noise is caused by noise from propulsion, aerodynamic resistance, and noise from tire and pavement interactions [3,4,5]. However, tire/road noise due to tire and pavement interactions is dominant at speeds above 40 km/h [6] and is influenced by four major factors [7,8,9,10]: pavement surface characteristics (surface texture, friction, aggregate properties, air-void content (porosity), pavement materials and their properties, pavement age, and durability); tire characteristics (tire dimensions, rubber hardness, trend pattern, tire age and wear, studs, and tire number); environmental factors (temperature, moisture, wind, water film thickness, and dust); and driver-controlled factors (driving speed, tire load and pressure, tangential forces, and acceleration).



Bezemer-Krijnen et al. [11] investigated several tire-trend parameters and road characteristics that influence tire/road noise generation and determined that sound abortion and porosity have more effect at higher frequencies. The researchers also stated that tires with a large continuity pattern generate less sound.



Since environmental factors and tire characteristics, as well as driver-controlled factors, are difficult to control; pavement surface characteristic optimization for reducing tire/road noise is a major task for road engineers and researchers. The tire/road noise can be primarily interpreted by defining the noise level determined at a speed of 96.6 km/h (60 mph) by performing noise measurements with on-board sound intensity (OBSI), close-proximity (CPX), or a similar method [12]: low noise level—up to 99–100 dBA; medium noise level—from 99–100 dBA to 104–105 dBA; and high noise level—more than 104–105 dBA.



The purpose of this study was to investigate asphalt mixtures and pavements, which can be defined as having a low noise level and to develop a model for tire/road noise estimation from asphalt mixture compositions. The research scope of the work involved:




	
Identifing field test sections with a low noise of road surfaces for field noise evaluation and asphalt mixture composition evaluation.



	
Collecting field core samples of the various pavement types.



	
Assembling and documenting the mixture’s material properties and field noise measurements.



	
Analyzing correlations between the asphalt mixture’s composition and volumetric properties and noise level.



	
Observing the asphalt pavement’s acoustical performance (noise) prediction models using mathematical relationships, which are fundamentally based on the road mixture’s volumetric properties.



	
Evaluating the sensitivity of the established noise-level prediction model.









2. Background of Pavement Acoustical Performance


Newly-constructed low-noise asphalt pavements usually produce a 3–9 dBA lower noise compared to the reference; however, the noise reduction decreased rapidly with time [13]. The tire/road noise level and its change during usage of pavement depends on the surface roughness [14]. Also, the acoustical aging is related to changes in the pavement surface texture [15]. Therefore, the biggest challenge was to develop an asphalt mixture/layer with increased resistance to wearing and permanent deformation.



The stone mastic asphalt (SMA) and porous asphalt (PA) are the most popular asphalt mixtures for use as the pavement wearing layer to reduce the tire/road noise in European countries. However, for cold regions, a pavement made from porous asphalt is not recommended due to the clogging of the pores. Son et al. [14] analyzed the SMA mixture design according to the Bailey method and determined that a surface layer with 4.75 SMA showed a significantly lower nose level than the control mixture. Vaitkus et al. [16] stated that low-noise asphalt mixtures must be designed based on the evaluation of additional properties such as binder drain-down, resistance to ravelling, the evolution of the surface texture, and permeability.



An extended literature review of several researcher outcomes [17,18,19,20,21,22] allowed for the determination of correlations between the air-void content and noise level (see Figure 1) and mean profile depth (see Figure 2). Based on other researcher’s measurements, it can be seen that a low-noise-level (below 100 dB) asphalt mixture can contain 2.3%–28.5% air-voids; however, all asphalt layers with an air-void content of more than 8% assures less than 98.5 dB noise (see Figure 1). Literature analysis also showed a linear correlation between the mean profile depth and air-void content (see Figure 2). However, Remisova et al. [23] stated that no close relationship exists between the surface characteristics (absolute measured surface texture and mean profile depth (MPD)) and mixture air-void content.



The influence of texture on tire/road noise at different speeds is the focus of many researchers trying to find quantitative relations [8]. The acoustical absorption of the pavement depends on porosity, texture, airflow resistance, and thickness. Commonly, noise characteristics are predicted by the estimated road noise level (ERNL), which are based on texture levels categorized into bands of octaves [24,25,26]. Losa et al. [25] investigated the relationship between asphalt texture level and rolling noise level at different speeds and presented a multivariate linear regression model with two independent variables at high and low frequency. Losa et al. [25] improved the ERNL model for noise prediction in dense and semi-porous asphalt surfaces based on the driving speed and texture level.



Wu et al. [27] developed an acoustic prediction model based on a curve fitting technique by applying a grey model (GM (1,2)). The model was built on limited data that were used to predict the next output data from the sequence, the GM (1,2) model. Researchers stated that the GM (1,2) model is not limited to the physical and geometrical parameters of the pavement.



Chen et al. [22] developed a sound-absorption model which allows for the prediction of porous pavement noise at different speeds based on asphalt pavement surface properties and the acoustic absorption coefficient of the asphalt mixture.



Zofka et al. [4] analyzed tire/road noise measured with the OBSI method and presented prediction models based on two main factors: measurement speed and pavement surface type (Portland cement concrete, SMA and hot mix asphalt). Pratico [28] analyzed a physical model for noise estimation-based geometry, traffic speed, parameters related to the atmosphere, road surface, and wearing-layer characteristics. However, the suggested model used an overly complicated mathematical solution to estimate the noise-absorption coefficient for evaluation of the pavement properties, sound generation, geometry, and human perception.




3. Materials and Methods


3.1. Low-Noise Pavement Sections


Pavement surfaces of experimental sections were composed of low-noise open-graded and porous asphalt wearing layers, with the exception of a section that used a traditional asphalt layer. The research was carried out for pavements constructed in 2015–2018, and measurements were conducted at the first year of exploitation. For each pavement section, the percentage of air voids and mean value of tire/road noise level was determined. A summary of the analyzed pavement sections is given in Table 1.



In the experimental research, a database was formed using data from 18 road sections with 64 testing locations: 19 samples with asphalt concrete AC 11 VN, 1 sample with asphalt concrete AC 11 VS, 1 sample with asphalt concrete AC 11 PAS-H, 1 sample with porous asphalt PA 8, 10 samples sections with soft asphalt SA 16, 11 samples with stone mastic asphalt SMA 11 S, 15 samples with stone mastic asphalt SMA 8 S, 1 sample with stone mastic asphalt SMA 5 TM, 4 test sections with stone mastic asphalt SMA 8 TM, and 1 test section with asphalt concrete TMOA 5.




3.2. Tests Methods


Volumetric composition of asphalt mixtures was tested for specimens (cores) taken from pavement sections according to standard EN 12697-27 [29]. In one location, at least three specimens were cored, and volumetric characteristics were used for the calculation of average values from all specimens. Void characteristics of asphalt mixtures were calculated according to standard EN 12697-8 [30]. The air-void content of a bituminous specimen was calculated using the maximum density of the mixture and the bulk density of the specimen. The percentage of the voids in the mineral aggregate of a bituminous specimen filler with binder was calculated from the binder content, the voids in the mineral aggregate, the bulk density of the specimen, and the density of the binder.



The specific surface area of the aggregate was determined from a sieve analysis based on the total percentage of aggregates that passes through a stipulated group of sieves according to [31]:


SA=1100×∑i=0N(PPi×CPi)=1100×∑i=0N(PRi×CRi)








where SA—specific surface area of the aggregate (m2/kg); PPi—percent of aggregate by weigh passing the ith sieve; CPi—surface area factor (m2/kg); PRi—percent of aggregate by weight retained in the ith sieve; CRi—specific surface of the particles with diameter in the range (Di, Ci-1), (m2/kg); i—sieve index (i = 0, 1, …, N); and N—set of sieves for the analysis.



The close-proximity method was used for noise level measurements. The noise measurements were performed using an approved CPX device (Figure 3) which participates in annual field calibrations. The acoustic performance of the pavement was measured as a noise generated by the test tire by means of two or more microphones located close to the contact surface on a vehicle driven at different speeds. The tire/road noise level was determined as the arithmetic mean of microphone pressure levels at a certain speed. The noise-level measurements were tested at a reference speed of 80 km/h, according to ISO/CD 11819-2 [32] requirements.




3.3. Analysis Methods


The research data consist of quantitative interval variables; therefore, a linear multi-regression model was chosen:


Yi=β0+β1x1i+β2x2i+…+βkxki+ei,








where Yi is the ith value of the dependent variable; xki is the ith value of kth independent variable; Âk is the unknown regression coefficient; the ei is the residual of observation i.



The model should conform to the assumptions of linear regression:




	
Linear relationship. The relationships between Yi and each of the independent variables Xi, (i=1,k¯) are linear. This assumption was tested by calculating the Pearson coefficient of correlation.



	
No or little multicollinearity. Multicollinearity occurs when the independent variables are not independent of each other. This assumption was tested using variance inflation factor (VIF) values. A variance inflation factor quantifies how much the variance is inflated. The standard errors and the variances of the estimated coefficients are inflated when a multicollinearity exists. The variance inflation factor VIFi for the estimated coefficient Âi is calculated using the formula:


VIFi=11−Ri2,








where Ri2 is the R2—the value obtained by Xi and each of the independent variables. If VIFi > 4, the variable Xi causes the problem of multicollinearity in the model [33].



	
Multivariate normality. Multiple regression assumes that the residuals are normally distributed. This assumption is tested using the Shapiro–Wilk test. If the test statistic has a p-value < 0.05, then the null hypothesis that residuals are normally distributed is rejected.



	
Homoscedasticity. This assumption states that the variance of error terms is similar across the values of the independent variables. This assumption was tested using the Breusch–Pagan test. Before deciding upon an estimation method, one may conduct the Breusch–Pagan test to examine the presence of heteroscedasticity. The Breusch–Pagan test assumes that the error terms are normally distributed. If the test statistic has a p-value < 0.05, then the null hypothesis of homoscedasticity is rejected, and heteroscedasticity is assumed [34].



	
Outliers. We assume that all special causes, outliers due to one-time situations, have been removed from the data. If not, they may cause a non-constant variance, non-normality, or other problems with the regression model. This assumption was tested using the Bonferroni test. If the test statistic has a p-value < 0.05, then it is assumed that the data contain outliers [35].








The coefficient of determination, R2, provides a measure of how well-observed outcomes are replicated by the model, based on the proportion of the total variation of outcomes explained by the model. If R2 ≥ 0.20, one can assume that the model effectively describes the data.





4. Results and Analysis


4.1. Properties of Low-Noise Asphalt Mixtures


All mixtures for high traffic levels were designed using granite aggregates and polymer-modified bitumen, while asphalt mixtures for light traffic (SA16-d V6000 C and AC 11 VN) were designed using crushed gravel aggregates and softer bitumen (respectively V6000 and 70/100). A summary of the properties of the asphalt mixtures components is given in Table 2.



The properties of asphalt mixtures of analyzed pavement sections were determined and analyzed in Table 3. The aggregate granular composition for dominant asphalt mixtures is shown in Figure 4. From analysis of the asphalt mixture database, it can be stated that asphalt mixture gradation depends on the manufacturer—comparing the results of the same asphalt mixture type showed that, in some cases, passing values varied from 5% to 10%.




4.2. Properties of Low-Noise Asphalt Mixtures


Seeking to identify the effect of asphalt mixture parameters on noise when driving on asphalt pavement at a speed of 80 km/h, a regression model was developed through analysis of 64 observations. The dependent variable selected for the model was the asphalt pavement noise criterion, CPX80 (dB), the values of which were measured on-site at a speed of 80 km/h.



The following data on the asphalt mixture were used for evaluation of the properties of low-noise asphalt mixture (AC): bitumen content Pb (%), calculated surface area of aggregates SA (m2/kg), density of the mineral aggregate Gsb (kg/m3), effective specific gravity Gse, apparent density of the AC mixture Gmb (kg/m3), maximum asphalt mixture density Gmm (kg/m3), calculated air-void content VA (%), total bitumen content in the AC mixture VB (%), voids in the mineral aggregate VMA (%) and voids in the mineral aggregate filled with bitumen VFB (%).The independent variables for the model were selected after analyzing 19 criteria. These criteria were divided into two groups: factual gradation of asphalt mixture aggregates and data of the asphalt mixture determined in a laboratory. Factual aggregate gradation is described as the percent passing through nine different types of sieves no and mesh size: p0.063—0.063 mm, p0.125—0.125 mm, p0.25—0.25 mm, p0.5—0.5 mm, p1—1.0 mm, p2—2.0 mm, p5.6—5.6 mm, p8—8.0 mm, and p11.2—11.2 mm.



In order to determine the weight of each criterion, the entropy weighting method was applied [36]. The calculated weights of criteria for SA, VA, Pb, VMA, and VFB are given in Table 4. According to the criteria weights, the criterion with the largest weight is VA and the criterion with the least weight is Pb. Analysis of the weights of gradation criteria using the entropy weighing method showed that the most dominant were aggregates passing through a sieve size of 2.0 mm (p2) and the least dominant were aggregates passing through a 11.2 mm sieve size (p11.2, Table 5).



The selection of the variables to be included in a regression model was based on the correlation of the independent variables with a dependent variable. The correlation of variables was determined by calculating the Pearson correlation coefficient:


r=∑i=1n(Xi−X¯)(Yi−Y¯)/n(∑i=1n(Xi−X¯)2/n)(∑i=1n(Yi−Y¯)2/n),








where (Xi, Yi)—a pair of values of the variables X and Y, (i=1,n¯), n—sample size.



A correlation matrix (Table 6) showed that noise level CPX80 is highly correlated with p8, p11.2, Gsb, Gmb, VA, VMA, and VFB). Therefore, it should be included in the model if they have no intercorrelation among them. According to Table 6, some of the selected criteria were correlated. In order to find out if these correlations are statistically significant, the hypothesis regarding the significance of correlation coefficients was tested.



Conclusions on the significance of the correlation coefficients were made by observing the p-values and comparing them with the selected significance level α = 0.05. Correlation of variables was statistically significant when p < α. Analysis of the data in Table 7 showed that correlation between the following pairs of variables was not significant: SA with p8, p11,2 and Pb; VA with Pb and Gsb, although the correlation between SA and VA (r = −0.65) was statistically significant. A statistically significant correlation was observed between SA and VMA, SA and VFB, VA and VMA, VA and VFB, and also between VMA and VFB. It is not possible for the model to contain non-correlated criteria.




4.3. Pavement Acoustic Properties Prediction Model


Based on the correlation matrix, from the 19 criteria, the following criteria were selected to develop the CPX: SA, Pb, VA, VMA, and VFB. The criterion SA was selected since it comprises all the studied criteria of gradation. The air-void content, VA, was calculated using the values of Gmb and Gmm. The bitumen content, Pb, was included in the regression model in order to observe its effect on asphalt pavement noise. Since all five criteria cannot be included in one model due to their intercorrelation, two linear regression models were developed:


CPX1=f(VA,SA⋅Pb) and CPX2=f(VFB,Pb).











To develop the model and to test the assumptions, the R software was used [2]. With the help of calculations, the model CPX1 was obtained:


CPX1=99.109−0.203VA−0.016SA⋅Pb.











The obtained model, CPX1, demonstrated that the value of CPX was more highly affected by the VA (with a standardized value of –0.845) compared to the SA⋅Pb (with a standardized value of –0.161).



In the second case, CPX2=f(VFB,Pb) the following model was obtained:


CPX2=95.636+0.048VFB−0.278Pb.











The obtained model, CPX2, showed that the value of CPX experienced a greater effect from the VFB (with a standardized value of 0.675) compared to the Pb (with a standardized value of –0.225).



The values of assumptions describing the reliability of the models CPX1 and CPX2 are given in Table 8. The models that were obtained according to the coefficient of determination, R2, adequately described the testing data; in both cases, R2 ≥ 0.20. The ANOVA test showed that the model variables were statistically significant, in both cases the p-value was <0.05. Based on the Breusch–Pagan test results, it can be stated that the model CPX1 data were compatible with the homoscedasticity assumption since the p-value was ≥0.05. In the case of the model, CPX2, an insignificant heteroskedasticity of the data was observed. Based on the VIF values, neither of the models possess multicollinearity. Measured versus predicted noise of CPX at 80 km/h for developed models CPX1 and CPX2 are given in Figure 5.



When testing the normality of the residuals according to the Shapiro–Wilk test and also when observing the PPplots (probability–probability plots) (Figure 6), the assumption on the normality of the residuals was not satisfied. In the case of the model, CPX1, after implementing the Shapiro–Wilk test the obtained p-value was 0.00013 (<0.05)—the assumption on the normality of the residuals was not satisfied. In the case of the model, CPX2, after implementing the Shapiro–Wilk test, the obtained p-value was 0.018 (<0.05)—the assumption on the normality of the residuals was not satisfied, although the residuals of the model CPX2 were almost normal.



The Bonferroni test showed that the models CPX1 and CPX2 contain outliers. When observing the Cook’s distance plots, it is obvious that none of the Cook‘s distance values are larger than 1, meaning that the studied data contain no outliers. The influence plot shows (Figure 7) that, in case of both models 8 (SMA 8 TM) and 19 (SMA 8 S), observations of studentized residuals are lower than (–3), meaning that these observations have a relatively high effect on the results of the regression analysis. It was concluded that, generally, the data had no outliers.





5. Conclusions


This research involves analysis of the tire/road noise-level measurement values from 18 asphalt pavement sections and the volumetric properties of 64 test locations. Based on the findings of this research and the introduction of the linear model, the following conclusions are made:




	
The composition of the asphalt mixture in the investigated test sections significantly varies depending on the manufacturer:




	
The bitumen content varies from 5.4% to 5.84% for AC 11 VN, from 4.38% to 4.88% for SA 16, from 5.87% to 6.65% for SMA 11 S, from 5.91% to 6.9% for SMA 8 TM and from 6.80% to 7.20% for SMA 8 S asphalt mixtures;



	
The air-void content varies from 1.0% to 3.7% for AC 11 VN, from 2.7% to 7.7% for SA 16, from 1.6% to 3.9% for SMA 11 S, from 6.3% to 11.6% for SMA 8 TM and from 3.5% to 5.3% for SMA 8 S asphalt mixtures;



	
Voids in mineral aggregate (VMA) values vary from 12.5% to 13.7% for AC 11 VN, from 10.1% to 11.3% for SA 16, from 13.8% to 15.4% for SMA 11 S, from 13.1% to 15.9% for SMA 8 TM and from 15.1% to 16.5% for SMA 8 S asphalt mixtures;



	
Voids filled with bitumen (VFB) values vary from 78.3% to 92.8% for AC 11 VN, from 58.3% to 78.8% for SA 16, from 78.5% to 90.5% for SMA 11 S, from 54.0% to 71.7% for SMA 8 TM and from 74.2% to 82.3% for SMA 8 S asphalt mixtures.








	
The tire/road noise measurements were performed at 80 km/h using the CPX method for pavement sections at the first year of exploitation. The average noise level generated from tire/pavement interactions was 97.2 dB(A) with a standard deviation of 1.38; therefore, all analyzed pavements comply definition of low-noise pavements.



	
According to the correlation analysis of the noise level and components of the low-noise asphalt mixture, it can be stated that CPX80 is highly correlated in terms of the percentage of aggregates passing through a 8.0 mm and 11.2 mm sieve size, the density of the mineral aggregate, the apparent density of the asphalt mixture, air-void content, voids in the mineral aggregate and voids in the mineral aggregate filled with bitumen.



	
During the analysis of the collected database on low-noise asphalt pavements, two pavement acoustic models were obtained, CPX1 and CPX2, for which the coefficients of determinations were 0.59 and 0.50, respectively. However, the normality assumption of the Shapiro–Wilk test was not satisfied, mainly due to the limited database.



	
The analysis showed that there is a reasonable link between the composition of the asphalt wearing layer and the tire/road noise level. However, in order to provide a more complex prediction model, a database of low-volume asphalt mixtures should include no less than three different asphalt compositions, pavement textures and G-factor values for each type of asphalt mixture.
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Abbreviation




	AADT
	annual average daily traffic



	AC
	dense asphalt concrete



	ANOVA
	basic analysis of variance



	CPX
	close-proximity method



	DAMP
	damping acoustical measurement parameter



	ERNL
	estimated road noisiness level



	HMA
	hot mix asphalt



	Gmb
	bulk specific gravity of compacted mixture



	Gmm
	maximum theoretical specific gravity



	MPD
	mean profile depth



	NMS
	nominal maximum size of asphalt mixture aggregates



	OBSI
	on-board sound intensity method



	p0.063, p0.125 … p11.2
	aggregate gradation sieve no and mesh size, mm



	PA
	porous asphalt



	PP
	probability–probability plot



	Pb
	bitumen content



	SA
	specific surface area of the aggregate



	SI
	shape index



	SIL or IL
	sound intensity level or intensity level



	SMA
	stone mastic asphalt mixture



	TNM
	traffic noise model



	TMOA
	low noise asphalt mixture



	VA
	air-void content



	VIF
	variance inflation factor



	VFB
	voids filed with bitumen



	VMA
	voids in mineral aggregate
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Figure 1. Noise measured with close-proximity (CPX) and air-void content of asphalt layer based on literature review [17,18,19,20]. 
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Figure 2. Mean profile depth and air-void content of asphalt layer based on literature review [17,20,21]. 
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Figure 3. CPX device during noise measurement of pavement sections. 
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Figure 4. Aggregate gradations of dominant asphalt mixtures AC 11 VN (a) and SMA 11 S (b). 
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Figure 5. Measured versus predicted noise of CPX at 80 km/h for developed models CPX1 and CPX2. 
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Figure 6. Probability-probability plot of developed models CPX1 and CPX2. 






Figure 6. Probability-probability plot of developed models CPX1 and CPX2.



[image: Sustainability 11 02938 g006]







[image: Sustainability 11 02938 g007 550]





Figure 7. Influence plot and Cook’s distance of developed models CPX1 and CPX2. 






Figure 7. Influence plot and Cook’s distance of developed models CPX1 and CPX2.



[image: Sustainability 11 02938 g007]







[image: Table]





Table 1. Summary of analyzed pavement sections.
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ID of Pavement Section

	
Road No.

	
No of Samples

	
Mixture Type Code

	
Section, km

	
Traffic AADT, v./d.

	
Category of Road




	
From

	
To






	
1.

	
A2

	
1

	
SMA 8 S

	
56.07

	
56.17

	
12187

	
Main road




	
2.

	
A2

	
1

	
SMA 11 S

	
56.17

	
56.35

	
12187

	
Main road




	
3.

	
A2

	
1

	
AC 11 VS

	
56.35

	
56.52

	
12187

	
Main road




	
4.

	
A2

	
1

	
PA 8

	
56.52

	
56.70

	
12187

	
Main road




	
5.

	
A2

	
1

	
TMOA 5

	
56.70

	
56.87

	
12187

	
Main road




	
6.

	
A2

	
1

	
AC 8 PAS-H

	
56.87

	
57.05

	
12187

	
Main road




	
7.

	
A2

	
1

	
SMA 5 TM

	
57.05

	
57.22

	
12187

	
Main road




	
8.

	
A2

	
1

	
SMA 8 TM

	
57.22

	
57.40

	
12187

	
Main road




	
9.

	
A14

	
3

	
SMA 11 S

	
48.00

	
49.00

	
5791

	
Main road




	
10.

	
A17

	
6

	
SMA 8 S

	
8.90

	
10.50

	
9816

	
Bypass




	
11.

	
A17

	
2

	
SMA 8 S

	
10.53

	
22.06

	
9816

	
Bypass




	
12.

	
1245

	
1

	
SMA 8 TM

	
0.00

	
2.04

	
635

	
Regional road




	
13.

	
173

	
19

	
AC 11 VN

	
36.00

	
37.00

	
708

	
National road




	
14.

	
4307

	
10

	
SA 16

	
1.00

	
2.00

	
292

	
Regional road




	
15.

	
A15

	
7

	
SMA 11 S

	
12.00

	
13.00

	
7904

	
Main road




	
16.

	
A16

	
6

	
SMA 8 S

	
28.00

	
29.00

	
7327

	
Main road




	
17.

	
J. Tilvičio street., Panevėžys city

	
1

	
SMA 8 TM

	
–

	
–

	
–

	
City street




	
18.

	
J. Tilvičio street., Panevėžys city

	
1

	
SMA 8 TM

	
–

	
–

	
–

	
City street








Where: v./d.: vehicle per day; AADT: annual average daily traffic; SMA: stone mastic asphalt; PA: porous asphalt; AC: dense asphalt concrete (HMA).
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