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ABSTRACT 

The analysis of design hourly volumes is one of the fundamental preconditions for the 

procedures of designing and evaluating road design solutions. In most cases, on road sections 

with a predominantly local character of traffic flows, there is an absence of automatic traffic 

counters, and determining the design hourly volumes is very difficult. In this regard, defining 

the design hour and developing a model for predicting design hourly volumes based on short-

term traffic counts are the primary goals of this paper. Based on data from road sections with 

an automatic traffic counting system, the design hour is within the range of the 8th to the 

16th hour of ordered hourly volumes. After further analysis, the 10th hour was adopted as 

the proposed value for determining design hourly volumes in local conditions. The prediction 

model is based on linear regression, i.e. modelling the relationships between the dependent 

variable, design hourly volume and independent variables, peak traffic volumes during 

design days. The model was tested for 10th and 30th hours in order to verify the model in 

local conditions as well as in accordance with the recommendations of the Highway Capacity 

Manual. The research results indicate that the average percentage deviation of the model-

estimated design hourly volumes based on short-term traffic counts compared to the actual 

realised volumes ranges from 8% to 9%, depending on the analysed design hour. 
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1. INTRODUCTION 

In the process of managing the development and operation of the road network, a key role is to define plans 

and programs for the development of the road network according to the functional demands of traffic, 

ecological constraints and the economic justification of investments. In the procedures of creating road project 

solutions, the primary role of evaluating project solutions is reflected in defining arguments regarding the 

justification of investments. The basis for conducting functional evaluation is based on the investigation of 

design hourly volumes under local conditions and for each specific case. 

The analysis of existing and future traffic demands, i.e. the problem of correctly determining design 

volumes, predominantly influences many strategic decisions in the entire process of optimising the road 

network (dimensioning the cross-section, new construction or reconstruction, functional, economic and 

ecological evaluation). The analysis of design volume is of great importance because determining the value on 

which the entire system is dimensioned is highly sensitive [1].  

With the development of new technologies, modern traffic counting systems have been developed, enabling 

the permanent monitoring of traffic volumes. This has made it possible to define design volumes based on 

diagrams of ordered hourly volumes by size throughout the year. One of the characteristics of this diagram is 
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the “knee of the curve”, which is the point where there is a sudden change in the value of the volume expressed 

as a percentage of the average annual daily traffic (AADT), and in the traditional approach, the number of 

hours corresponding to the knee of the curve has been taken as the design number of hours for planning, design, 

operation, evaluation and other analyses where the value of the design volume is involved. In other words, 

when selecting the design volume, the aim is to choose a design volume that will best meet the required level 

of service (LOS), but not at the cost of satisfying maximum values, as this would lead to irrational investments 

in road infrastructure that would remain underutilised for most of the year. 

The selection of the design volume based on the “knee of the curve” was first proposed by Peabody and 

Normann [2], and this approach has been supported to this day in the Highway Capacity Manual (HCM – 

2022) [3] as well as by the American Association of State Transportation Officials (AASHTO) [4]. 

To reduce construction costs while maintaining efficiency, the initial assumptions were that the design 

hours should be sought within the range of the 30th to the 50th hour of ordered hourly volumes for sections 

with standard and seasonal variations in traffic volumes. The general guidelines in the two most commonly 

used manuals for capacity and LOS analysis provide different recommendations for selecting the design hourly 

volume: HCM suggests the 30th hour, while HBS (The German Highway Capacity Manual) [5] recommends 

the 50th hour. When it comes to the use of design volumes in the planning and design of road solutions within 

urban networks and on parts of the road network that pass through populated areas, the recommendations were 

directed toward the use of peak volumes, given that in urban networks, the differences between the 1st and 

200th hour are significantly reduced compared to rural networks, making it very difficult to define the “knee 

of the curve”. 

On sections that pass through populated areas and are located on entry-exit routes near cities, which are the 

focus of this study, there is a significant mixing of flows of different character. Local movements become 

dominant, but long-distance, intercity and often transit movements also appear on the network. 

In this regard, the use of peak volumes as design values of volume is not rational, so the definition of the 

design hour on sections with a predominantly local character of movement is the first goal of this paper. 

Additionally, it is often the case that due to their position in the network, these sections are not equipped with 

automatic traffic counting systems, which poses a problem in determining the design hourly volumes. 

Therefore, the second goal of this paper is to define a model for predicting design hourly volumes in places 

where traffic counting systems are not installed. 

The determination of the design hour was conducted through a detailed analysis of relevant data, analysing 

the trend of volume changes by hour at the analysed locations. On the other hand, the prediction model, 

presented in this paper, is based on the correlation between design hourly volumes and traffic volumes during 

peak hours on design days. 

The primary contribution of this paper lies in the potential application of the given model for defining 

design volumes at locations with a predominantly local character of movement where automatic traffic 

counting systems are not implemented, or where there are problems with incomplete or inaccurate data. 

The entire paper is structured so that, after the introduction, a review of relevant literature in the field of 

defining and predicting design hourly volumes is presented. After that, the third chapter presents the 

methodology of the conducted research. The fourth chapter presents and discusses the results obtained from 

the research, while the fifth chapter presents conclusions and provides recommendations for further research. 

2. LITERATURE REVIEW  

The data initially analysed by Peabody and Normann were later combined with additional data from 167 

traffic counters in 48 states across the USA, forming the basis for defining design volumes in the Highway 

Capacity Manual (HCM) from 1950 [6]. Research presented in the recommendations of the first editions of 

the HCM indicates that the data collected were primarily from rural roads, and thus, such results cannot be 

generally applied to all road types, as the position of the knee in the diagram varies depending on the type of 

road. The first step in resolving this issue was the recommendation to use the design hour within the range of 

the 30th to the 100th hour, as it was believed that the curve’s inflexion point was located within this range. 

These values were established as criterion values, providing a standardised framework for the design process, 

but not accounting for variations in road characteristics. 

The coming research, primarily by Werner and Willis [7], suggests that the proposed range up to the 100th 

hour is appropriate for roads with lower traffic volumes, and that as the traffic volume increases, the curve’s 

inflexion point shifts to the range between the 200th and 600th hour. Another significant issue from the past 
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was the consideration of only the first 100 or 250 hours by managers and decision-makers, with the goal of 

finding the curve’s inflexion point. This approach led to subjective and somewhat unclear decisions when 

selecting design volumes. 

In support of that, the study by Crabtree and Deacon [8] confirms that objectively determining design 

volume values that would lead to rational decisions is only possible by considering all 8,760 hours in a year. 

Despite all this, the rationality of the traditional method of selecting the design volume has often been 

questioned. Designers and experts in this field have in the past raised serious concerns regarding the validity 

of the traditional approach to determining design volumes [9, 10]. One of these criticisms relates to the concept 

of determining design values strictly depending on the object (the road) without considering the user’s 

perspective. For this reason, Sharma [9] conducted a study that re-examined the traditional 30th-hour factor as 

a design value from the user’s perspective. 

The main conclusion of this study further confirms the previously mentioned view that the nature of traffic 

flows, i.e. the different functions of the road, undoubtedly represents a very significant factor that should be 

considered in the process of determining design hourly volumes for road design and evaluation. The results 

also indicate the justified application of different values of design hourly volumes in the process of creating 

road project solutions, depending on the different characteristics of the flows they accommodate, to achieve a 

uniform (required) LOS. 

Supporting the above, research in predicting design volumes in recent years has been conducted specifically 

for different types of roads and various dominant traffic flow characteristics [11, 12]. 

Sharma and Oh [13] proposed three models for predicting design volumes. The first model used a traditional 

linear relationship between design volumes and AADT, while the second model accounted for different road 

types, and the third model focused on traffic volumes during the peak months (July or August). The third 

model performed the best by eliminating the need for road classification and incorporating traffic volumes on 

design weekdays and weekends. 

To determine design volumes more precisely, Liu and Sharma [14] directed their research toward analysing 

maximum volumes during significant holidays throughout the year. Generally, based on their research, it was 

found that 86% of the maximum hourly volumes over a 50-year period were recorded during holiday periods. 

The developed models were based on linear regression for different road categories. The results indicated that 

the average errors between calculated and actual design volumes ranged from 1% to 4%. 

Capparuccini et al. [15] developed methods to estimate design volumes at locations without automatic 

traffic counters, using short-term traffic counts. They applied three methods: counting traffic during peak 

periods, using an average K-factor for counters in the same category, and using the K-factor from the nearest 

counter. Their research showed more accurate volume estimates for roads with smaller traffic variations, with 

errors of about 5% for urban areas and highways, and 8–9% for roads with greater fluctuations in traffic 

volume. 

In addition to the aforementioned methods of predicting design volumes and defining missing data due to 

malfunctions of automatic traffic counting systems, the literature also presents models based on neural 

networks [16, 17]. The results of analyses conducted by Khan et al. [16] show that a model based on long-term 

memory can estimate the design volume with a mean absolute error of 2.10%. On the other hand, based on the 

results of Zhong et al. [17], it was found that the average errors in volume estimation for genetically designed 

regression models were less than 1% for counters with smaller traffic volume variations throughout the year 

and up to 3% for counters with greater traffic volume variations. 

3. RESEARCH METHODOLOGY 

Given the primary objectives of the study, the research methodology is divided into two parts. The first part 

pertains to determining the hour corresponding to the design hourly volume value throughout the year, while 

the second part focuses on defining a model for predicting the design volume (Figure 1). 
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Figure 1 – Research methodology 

The first step of the proposed methodology in both cases is determining the design hour and defining the 

prediction model, which involves defining the spatial and temporal scope. Given the considered problem, the 

analysis used data from automatic traffic counters (ATCs) on 32 sections in the Republic of Serbia 

characterised by predominantly local traffic flows. These sections are primarily entry-exit routes near large 

cities or sections that directly pass through populated areas, leading to an increased number of movements 

with a local character. At all the analysed locations, traffic is continuously counted over all 8,760 hours of the 

year. The study used data from 2015 to 2019 as the relevant time frame. This period was selected because it is 

characterised by a stable economic, social and financial situation in the country. The period from the onset to 

the end of the COVID-19 pandemic, which undoubtedly influenced changes and imbalances in traffic 

demands, was excluded from the analysis. For model testing, available official data from the last year from the 

Public Enterprise “Roads of Serbia” were used. 

In the second step of the methodology, data from automatic traffic counters were collected. In the part 

related to determining the design hour, values of ordered hourly volumes from the first to the thirtieth hour 

were collected from all analysed ATCs over a five-year period. When it comes to defining the prediction 

model, in addition to the values of the design volumes, values of traffic volumes during design days necessary 

for the development, validation and testing of the model were also collected. 

The final step in determining the design hour involved analysing the volumes sorted by size and defining 

the range of the “knee of the curve” diagram. In other words, the last step involved defining the range that 

excludes extreme (maximum) traffic volume values while providing a rational volume that can meet the 

required LOS. 

To develop a model for predicting design hourly volumes on road network sections characterised by 

predominantly urban conditions and parts of the network characterised by predominantly local traffic, it was 

necessary to build a system that encompasses all direct and indirect factors that can influence the value of 

design hourly volume. As confirmed in the literature, linear regression has found extensive application in 

traffic engineering and is one of the most commonly used methods in predicting design hourly volumes. For 

this reason, a prediction model for design volumes based on linear regression was developed in this study. 

Specifically, in statistics, linear regression refers to an approach to modelling the relationships between one or 

more dependent variables, denoted as Y, and one or more independent variables, denoted as X, in such a way 

that the model linearly depends on unknown parameters estimated from the data [18]. 

The next step in the analysis involved defining the variables included in the model. The dependent variable 

is the value of the design hourly volume, i.e. the magnitude that the model needs to predict. However, defining 

the independent variables is a subject on which researchers have different opinions. A review of relevant 

literature from previous studies suggests that the temporal variation of volume plays a significant role in 

defining independent variables in prediction models. In the models, the independent variables were generally 
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the values of traffic volume at the daily level on design days [11, 19], traffic volume values during holidays 

[14], traffic volume values by direction [20] and similar factors. The most reliable models were those where 

the independent variables were the values of traffic volume during design weekdays and design weekends [11, 

19]. In studies conducted by Sharma and Oh [11] and Petković et al. [19], the dependent variables were 

precisely the values of traffic volume during design weekdays and weekends. In the aforementioned studies, 

i.e. models, the values of independent variables were expressed in vehicles per day. However, considering the 

specific conditions prevailing on sections that pass through populated areas, which are closely related to the 

conditions on urban networks, the total traffic on a design day does not represent an adequate parameter. On 

the other hand, the volume during peak morning and afternoon periods on design weekdays and weekends is 

a significant indicator of changes in the traffic pattern over time. For this reason, in this study, the independent 

variables used were the values of traffic volume during the morning and afternoon peak periods on design 

weekdays and the design weekend day. Design weekdays are defined as Tuesday, Wednesday and Thursday, 

as these are the days with the least variation in traffic volume during the week. On the other hand, Saturday is 

the design day during the weekend, as Sunday, being a non-working day, is not a representative indicator 

(Figure 2a). The analysis of hourly traffic volumes on weekdays defined the periods from 7:00 AM to 9:00 AM 

as the design morning peak period, and from 4:00 PM to 6:00 PM as the afternoon peak period (Figure 2b). The 

figure shows that the traffic pattern during the weekend is different from that on weekdays, which is one of 

the reasons for including design weekdays and weekends in the model. Significantly lower traffic volume 

values in the morning analysed period indicate that this is a road with predominantly local movements, as 

traffic during the workweek is mainly for commuting, which changes during the weekend. 

 
(a) 

 
(b) 

Figure 2 – (a) Distribution of traffic volume by days of the week; (b) Distribution of traffic volume by hours of the day  

The characteristic of monthly traffic volume irregularity is the most reliable indicator for identifying the 

nature of traffic flows and the function of the observed road within the network. Continuous changes in traffic 

volume values throughout the year are primarily a result of seasonal socio-economic activities in certain areas. 

Significant fluctuations in volume are typically present during the summer months from June to September. 

For tourist and seasonal roads, the demand for movement is significantly higher during this period, while on 

the other hand, for suburban roads, traffic volume during the summer period is mostly below the level of 

average annual daily traffic. 

Daily variations in traffic volume represent changes in traffic demand by day within a week and are also 

related to the type of road being analysed. Specifically, on predominantly urban roads, there is a slight decrease 

in traffic volume during weekends and holidays. Conversely, on rural roads, particularly those with dominant 

tourist flows, there is a significant increase in traffic volume during weekends, contrary to the previously 

mentioned trend. 

Based on these principles of traffic volume variation and the specific characteristics of traffic on roads with 

predominantly local movements, the data used for developing and testing the proposed model in this study 

were collected for the period from April to October of each analysed year (Figure 3). This is the time of year 

with a relatively balanced trend in traffic volume by month at the analysed locations, as evidenced by the ratio 

of the average monthly daily traffic (AMDT) to the average annual daily traffic (AADT). In other words, for 

the purposes of developing and testing the model, traffic count data were collected for each design weekday 

(Tuesday, Wednesday and Thursday) and the design weekend day (Saturday) during morning and afternoon 

peak periods for each analysed year. 
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Figure 3 – Monthly traffic volume irregularity 

The next step in the methodology involved calibrating the model. Calibration included a logical verification 

of the collected data and adjusting the model to local conditions. Data that were not representative or that 

displayed illogical information for any reason were excluded from the analysis. For example, data from periods 

of roadwork on the analysed sections, during which one or more traffic lanes were partially or completely 

closed, were excluded. Data on atypical periods of traffic operation on the network were collected by the 

authorities responsible for road maintenance. 

Finally, after calibrating the model, the process moved on to validation and testing. The validation of the 

model was conducted using the data that were used for developing the model to determine the model’s ability 

to predict the required magnitude. On the other hand, the testing of the model was conducted with data that 

were not used in the model development, with the goal of demonstrating the model’s ability to predict traffic 

volumes. 

The parameters necessary for applying the model to predict design volumes in real conditions include data 

from two days of traffic counts (one design weekday and one design weekend day) during the morning and 

afternoon peak periods on the observed section between April and October. Specifically, it is necessary to 

count traffic on one of the design weekdays (Tuesday, Wednesday or Thursday) and on Saturday during the 

periods from 7:00 AM to 9:00 AM and from 4:00 PM to 6:00 PM. This ensures that the parameters included 

in the traffic volume prediction models are obtained. 

4. RESEARCH RESULTS  

After defining the basic parameters and collecting data from automatic traffic counters, this chapter focuses 

on determining the design hour and defining the model for predicting design volume values. In accordance 

with the methodology, the first part of the analysis will focus on defining the design hour value, while the 

second part will concentrate on presenting the results of the design hourly volume prediction model. 

4.1 Determining the design hour 

To determine the design hour, an analysis was conducted of ordered hourly volumes (from the 1st to the 

30th hour) at all subject locations over a five-year period. The determination of the design hour was carried 

out based on the differences between the ordered hours. Based on Table 1 and Figure 4, it is clear that at most of 

the analysed locations, increased traffic volume is present during the first eight hours, which is a result of peak 

hours during holiday periods or certain sports or other events during the year. On the other hand, after the 16th 

hour, a decrease in volume is noticeable at almost all analysed locations, along with a balanced trend of the 

curve with a slight downward trend until the last hour. Although the differences between the hours in absolute 

values are not significant, the analysis of the relationships in volume size indicates that the range of the “knee 
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of the curve”, or the range of volume decline, is approximately between the 8th and 16th hour, and the design 

hour should be sought within this range. The design hourly volume is crucial for ensuring that the traffic 

infrastructure can adequately serve the expected traffic, minimising congestion and improving the overall 

efficiency of the system. Accordingly, and in line with the analysed graphical interpretation in Table 1, the point 

at each location where the period of maximum volumes is avoided and the curve trend stabilises corresponds 

to the 10th hour of ordered hourly volumes. In other words, based on a detailed analysis of hourly volumes on 

roads with predominantly local traffic, it was determined that the design volume corresponds to the volume 

value at the 10th hour, and this value was used as the design value in the further course of the study. By 

defining the 10th hour as the design hour, the first nine hours with maximum traffic volumes were excluded 

from further analysis. 

Table 1 – Average values of arranged design hourly volumes by locations (from the 1st to the 30th hour) 

 
 

 
Figure 4 – Graphic display of arranged design hourly volumes by locations (from the 1st to the 30th hour) 
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4.2 Defining the model for predicting design volumes 

As previously mentioned, in the proposed model, the dependent variable is the value of the design hourly 

volume, while the independent variables are the traffic volumes during the morning and afternoon peak periods 

on design weekdays and design weekends. The total sample consisted of 32 traffic sections (each with one 

automatic traffic counter). Data from the period 2015 to 2019 were used for model development. During this 

process, a total of 58,144 hourly traffic volumes were analysed on design weekdays and 19,424 hourly traffic 

volumes on the design weekend day, corresponding to 36,084,454 and 9,442,600 vehicles, respectively. On 

the other hand, model validation was conducted for the year 2021. In this process, a total of 9,268 hourly traffic 

volumes were analysed on design weekdays and 2,424 hourly traffic volumes on the design weekend day, 

corresponding to 7,237,862 and 1,490,719 vehicles, respectively. 

 Accordingly, the model can be adjusted to calculate design volumes as a function of different hours. The 

adjustment of the model is based on adjusting the coefficients of the independent variables and the constant 

term, while the traffic volumes during peak periods remain unchanged. In this study, the model was adjusted 

to define the design volume as a function of the 10th hour, which is defined in this study as the design hour. 

The 30th-hour factor, the use of which is recommended by the HCM, is still frequently applied when defining 

design hourly volumes. For this reason, in addition to the model based on the proposed 10th hour, this study 

also develops a model for predicting traffic flow as a function of the 30th hour, categorised by hourly traffic 

volumes throughout the year. 

The formulations of both models are presented below (Formulas 1 and 2): 

𝐷𝐻𝑉10𝑡ℎ = 14.556 − 0.070 ∗ 𝑎1 + 0.652 ∗ 𝑎2 + 0.099 ∗ 𝑏1 − 0.026 ∗ 𝑏2   (1) 

𝐷𝐻𝑉30𝑡ℎ = 13.171 − 0.033 ∗ 𝑎1 + 0.617 ∗ 𝑎2 + 0.064 ∗ 𝑏1 − 0.029 ∗ 𝑏2  (2) 

where: 𝐷𝐻𝑉𝑛−𝑡ℎ   - 
Design hourly volume according to the criterion of the n-th (10th and 30th) hour, 

expressed in [vehicles/hour], 

 
𝑎1  - 

Number of vehicles during the morning peak period on the design weekday 

[vehicles], 

 
𝑎2  - 

Number of vehicles during the afternoon peak period on the design weekday 

[vehicles], 

 
 𝑏1  

Number of vehicles during the morning peak period on the design weekend day 

[vehicles], 

 
 𝑏2 - 

Number of vehicles during the afternoon peak period on the design weekend day 

[vehicles]. 

 

For the analysis, specifically to check the relationship between the design volumes calculated by the models 

and the actual realised values, the Pearson correlation coefficient (r) was used. 

Additionally, the coefficient of determination (R²) was calculated, representing the total variation in the 

dependent variable y (design hourly volume calculated by the models) that is explained or attributed to the 

variation in the independent variable x (the actual realised design hourly volume). 

Based on the obtained results, it can be concluded that the applied model demonstrated a strong ability to 

predict design volumes based on input data. Figure 5a provides a graphical interpretation of the model validation 

results, showing the average values of the predicted and realised design volumes for the dataset used to develop 

the model. The values of the Pearson correlation coefficient and the coefficient of determination for both 

models (r = 0.9963 and r = 0.9972, R² = 0.9927 and R² = 0.9945) indicate a strong positive relationship between 

the analysed variables. 
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(a) 

 
(b) 

 Figure 5 – Dependence of estimated and actual design volume values: a) model development and b) model testing 

The diagram in Figure 5b shows the relationship between the predicted and actual average values of design 

hourly volumes for the dataset used to test the model, which was not included in the model development. What 

can be concluded from the diagram is that both models (for the 10th and 30th hour) exhibit a very strong 

positive correlation between the actual realised and the model-predicted design hourly volumes. This is 

confirmed by the Pearson correlation coefficient (r), which is approximately 0.995 for both models. The 

coefficient of determination for the model calculating the design volume as a function of the 10th hour is R² = 

0.9975, while for the model as a function of the 30th hour, it is R² = 0.9982. The coefficients of determination 

indicate that over 99% of the variance in the predicted design volumes is explained by the actual realised values 

for both models. 

To assess the percentage deviation of the obtained design volume values from the actual realised design 

volume values, an additional analysis was conducted. Specifically, for each analysed segment, the percentage 

deviation, or the difference between the calculated design volumes and the design hourly volumes recorded by 

the ATCs, was calculated. The deviation values are presented in Table 2, and the results are graphically depicted 

in Figure 6. 

Table 2 – Percentage deviation of estimated from actual design volume values 

% deviation ≤ 5% 5%-10% 10%-15% 15%-20% 20%-25% ≥ 25% Total 

10th hour        

No of deviations 875.00 620.00 373.00 276.00 165.00 8.00 2,317.00 

% deviations 38% 27% 16% 12% 7% 0%  

30th hour        

No of deviations 913.00 610.00 372.00 259.00 141.00 22.00 2,317.00 

% deviations 39% 26% 16% 11% 6% 1%  

 

 
Figure 6 – Deviation of the estimated from the actual values of the design hourly volumes 
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Figure 6 shows the percentage deviation between the estimated and actual values of the design hourly 

volumes. Positive values indicate that the design hourly volume obtained by the model is lower than the actual 

realised values, while negative values indicate the opposite. The maximum value of the percentage deviation 

for the DHV 10th model is 25%, while the maximum deviation for the DHV 30th model is 29%. The average 

percentage deviation of the calculated design volumes compared to the realised values is 9% for the DHV 10th 

model and 8% for the DHV 30th model. Further observation of the deviation percentage shows that 65% of 

the calculated volumes from the total number of analysed cases, in both proposed models, fall within a 10% 

deviation from the actual values, confirming the significant accuracy of the proposed models. 

In addition to these analyses, a descriptive statistical analysis was conducted for the design volumes 

obtained by the models and the realised volumes recorded by the ATCs. The results of this analysis are 

presented in Table 3. 

Table 3 – Descriptive statistics of analysed parameters 

  Mean Median Min Max 
Standard 

deviation 

Standard 

error 

DHV 10th 
Estimated [veh/h] 1,090.14 842.23 300 7,349 1,129.10 

23.46 
Actual [veh/h] 1,104.26 838.00 376 6,041 1,070.69 

DHV 30th 
Estimated [veh/h] 1,043.27 803.58 286 7,067 1,087.20 

22.59 
Actual [veh/h] 1,104.26 814.00 361 5,907 1,048.75 

 

What can be observed from the table is that the average values of the design hourly volumes in both models 

are close to the average values of the actual realised design volumes. For the DHV 10th model, these values 

are 1,090 vehicles/hour and 1,104 vehicles/hour, respectively, while for the DHV 30th model, they are 1,043 

vehicles/hour and 1,104 vehicles/hour, respectively. The median values of the calculated values in both 

proposed models also do not deviate significantly from the median values of the realised values. For the DHV 

10th model, this difference is smaller, amounting to approximately 4.23 (~4) vehicles per hour, while the 

difference for the DHV 30th model is slightly larger, at 10.42 (~10) vehicles per hour. Based on the results 

shown in the table, it is observed that the minimum and maximum calculated values in both models are 

somewhat lower compared to the actual realised values. The differences in standard deviation between the 

models, i.e. between the calculated and realised values, are 58.41 for the DHV 10th model and 38.45 for the 

DHV 30th model. The value of the standard error for the model predicting design volumes as a function of the 

10th hour is 23.46, while for the model as a function of the 30th hour, it is 22.59. 

5. CONCLUSIONS AND RECOMMENDATIONS 

This study conducted research on the design hourly volumes on road sections with predominantly local 

nature of the flows. The primary goal of the study was to define the design hour and develop a model for 

predicting design hourly volumes as a function of the design hour. 

Based on a detailed analysis of ordered maximum hourly volumes on 32 sections over a five-year period, 

it was determined that the design hour on sections with a predominantly local nature of the flows is within the 

range of the 8th to the 16th hour. This result is particularly significant because the literature and guidelines for 

feasibility studies related to design volumes mainly focus on conditions applicable to the rural road network, 

while urban network conditions have been insufficiently analysed. By defining an appropriate design hour, a 

prerequisite for correctly determining design volumes was established. 

Determining design hourly volumes predominantly influences a number of strategic decisions in the entire 

process of optimising the road and street network. Accordingly, this study presents a model for predicting 

design volumes on sections with predominantly local traffic where automatic traffic counters have not been 

implemented. Unlike traditional models for defining design hourly volumes, the model developed in this study 

is based on linear regression, specifically modelling the relationships between the dependent variable, design 

volume and the independent variables, peak traffic volumes during design days. 

Given the specificity of the analysed sections, which are mostly located on entry-exit routes near cities, the 

independent variables used in the traffic prediction model were the traffic volumes during the morning (from 

7:00 AM to 9:00 AM) and afternoon peak hours (from 4:00 PM to 6:00 PM) on design weekdays and 

weekends. The main advantage of the proposed model is that it only includes the values of traffic volumes 
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during peak hours on the design weekday and weekend. In other words, the model does not include the average 

annual daily traffic (AADT) value or factors related to the temporal variability of traffic volumes. 

The proposed model in this study was applied to predict design hourly volumes as a function of the 10th 

and 30th hours. The results obtained from the analysis indicate that it is possible to predict the design volume 

using the model, as confirmed by the Pearson correlation coefficient and the coefficients of determination. The 

Pearson correlation coefficient for both models is approximately r = 0.995, while the coefficient of 

determination for the model calculating the design volume as a function of the 10th hour is R² = 0.9975, and 

as a function of the 30th hour, it is R² = 0.9982. The coefficients of determination indicate that for both models, 

over 99% of the variance in the predicted design volumes is explained by the actual realised design hourly 

volumes. 

Additionally, the results of the conducted analyses indicate that the average error of the predicted design 

volume values compared to the actual realised values is 8% for the 30th hour and 9% for the 10th hour, which 

is consistent with the results of previous research. 

Based on the complete analysis of design volumes on sections with predominantly local traffic, the main 

advantages of this study can be summarised as follows: 

⎯ The analysis of hourly volumes determined that the range of design hourly volumes on sections with 

predominantly local nature of the traffic flows is between the 8th and 16th hour of ordered hourly volumes. 

⎯ A prediction model for design hourly volumes was developed that does not include AADT values or 

factors related to traffic volume variability, but only the volume values during peak hours on design 

weekdays and weekends. 

⎯ A prediction model for design hourly volumes was developed that is applicable to sections passing 

through populated areas, sections located on entry-exit routes near cities, and urban sections where 

predominantly urban traffic conditions prevail. 

 

The primary contribution of this study should be utilised in the future for the practical application of the 

obtained results to define design volume values in cases where, for various reasons, automatic traffic counters 

are not installed on sections with local traffic. 

The main limitation of this study lies in the sample, which consisted of 32 analysed sections with 

characteristic conditions corresponding to those on the urban road network. In this regard, a recommendation 

for future research is the need to analyse design volumes on a larger sample, which would include sections in 

urban areas, particularly those on major arteries of larger urban regions. 
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