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Sikdar, 2000; Kumar, Arkatkar, Joshi, & Dhamaniya, 2017). Based on the 
data obtained from a speed detector in the United Kingdom (Al-Obaedi, 
2016) on M-25 and M-42 motorways, it has been found that PCE values 
vary as a function of traffic flow speed due to different lengths of heavy 
vehicles and passenger cars. Elefteriadou, Torbic, & Webster (1997) 
also use average speed as a performance measure, while research by 
Webster & Elefteriadou (1999) determines density as a performance 
measure for establishing PCE values. This study advances the research 
by Sumner et al. (1984) that includes a wide range of road conditions 
using the number of vehicles per hour to express the density equivalent, 
since density is a function of the flow of vehicles and vehicle length. In 
addition, a study conducted on A-22 Brenner Freeway in Italy (Giuffrè, 
Granà, Mauro, Silva, & Chiappone, 2015) has found that microsimulation 
could be useful in assessing the impact of heavy vehicles on the 
quality of traffic flow. The study shows that PCE values are small at 
low vehicle flow rates since a small number of passenger vehicles 
reduce the potential impact of heavy vehicles on them. However, some 
studies (Demarchi & Setti, 2003; Sumner et al., 1984) provide a broad 
overview of studies on heterogeneous traffic flow models and conclude 
that linear density measurement is not adequate for a mixed vehicle 
category and that sections of vehicle movement should be measured. 
In addition, many studies have concluded that a simple definition of 
PCE is not applicable and that the value of equivalents depends on 
flow composition, saturation degree, location, etc. A more recent study 
(Anwaar et al., 2011) presents an alternative methodology for estimating 
PCE based on video-recorded traffic data. The methodology allows for 
site-specific PCE values to be calculated based on the prevailing traffic 
characteristics. According to Al-Kaisy et al. (2002, 2005), a key feature 
of this research approach is the queue discharge flow (QDF) factor 
as a criterion for the development of PCE for heavy vehicles during 
congestion. QDF (queue discharge capacity) is a criterion for determining 
the quantity of effects of heavy vehicles, which represents driving 
mechanism on roads. A similar equivalence criterion (Yeung, Wong, & 
Secadiningrat, 2015) is given in the methodology for PCE adjustment to 
fast and slow lanes, where flows converge after PCE adjustment. In this 
study, the equivalence criterion is given for the capacity of traffic lanes 
during peak traffic load. Several studies (Bham & Benekohal, 2004) use 
the percentage of a section occupied by vehicles as a function of speed 
to better present traffic conditions of congestion, when traffic flow is 
composed of vehicles of heterogeneous length. The research (Anwaar et 
al., 2011) uses the data obtained from a microloop detector to estimate 
PCE using spatial lagging headways. The results of the previous studies 
confirm that PCE values differ for each country due to differences in 
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Table 1. Summary of methodological settings applied in the research 

Applied 
methodology

The basic method for relative time headway relations by observing five vehicle 
categories (PV, LV, HDV, BUS, and AT)

Recording 
technique

Semi-automatic, using special measuring equipment

Location 
selection

Physical elements: standard two-lane (main) road with two lanes of width  
of min 3.00 m; the existence of constant longitudinal downgrades  
on the approaches not shorter than 1000 m with allowed deviation  
up to –0,5%; the radius of the horizontal curve is straight; the visibility length 
for safe overtaking is complete; no road works in the measurement area; 
overtaking is prohibited and there are no settlements around; there are no 
intersections before and after measurement locations

Traffic criteria: high traffic load, higher percentage of commercial vehicle 
participation (15% and more), a lane with no influential factor of turning 
movements, no impact of parking or bus stops, peak and off-peak period 
recording

Data processing
Based on the average values of individual locations and the total average 
value, the analysis neglects the influence of vehicle position in a queue  
(which is not common in the world literature)

The following elements and criteria (Table 1) were used defining 
research methodology and techniques, site selection and data processing 
methods:

Measurement locations were selected on two lane roads. The selected 
cross-sections were defined at the locations and the arithmetic mean 
of the given downgrades was determined at a distance of 1000 m from 
the cross-sections. The operator’s measurements were carried out at 
the measurement locations on the longitudinal gradient in a direction 
and horizontally, but the measurement locations tended to be on the 
sections where no overtaking was permitted. Measurements were taken 
in the morning and afternoon, when there were no influential factors 
of peak loads, implying a “realistic” traffic flow. Recording was done 
visually on the measuring sections. Then, the obtained PCE values were 
compared to determine the difference in values. Measuring locations 
with longitudinal downgrade are given in Figure 1.

2.3. Analysis of sample size and critical headway

A study on PCE values (Al-Kaisy et al., 2002) found that the 
distribution of PCEs could be approximated by the Gaussian distribution. 
Certain characteristics of the Gaussian distribution can be used to 
determine the required sample size. If the sample of n vehicles has a 
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