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Abstract  

 

Traffic composition is an important factor that can affect the capacity and performance of transportation 

facilities. The effect of vehicle types in traffic flow is adjusted using passenger car equivalence values. There are 
several studies regarding the effects of heavy vehicles at signalized intersections and roundabouts; however, only 

a few of them are related with uninterrupted traffic flow conditions in Turkey. In this study, the effect of heavy 

vehicles on traffic flow capacity and performance is defined by determining the passenger car equivalence 

values. For this purpose, two sections of İzmir ring roads are observed at evening peak hours. The headway and 

the speed values are collected, grouped and evaluated for outer, middle and inner lanes, separately. The mean 

values of speed for the passenger cars are determined through the observations of the existing traffic. Cowan M3 

distribution is used to model the headways. The values obtained using the methodology are also compared with 

the observed values. According to the results, passenger car equivalence values may differ between 1.08~1.11 

for minibuses, 1.23~1.34 for trucks and 1.32~1.44 for buses at the test sections. The results show that passenger 

car values for uninterrupted flows are found to be much lower than the ones for intersections, suggested in the 

literature. Furthermore, the results indicate that when the traffic is composed of only minibuses, only buses, or 
only trucks, the capacity is reduced up to 10%, 30% and 25%, respectively. 
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1. Introduction  

 

Traffic composition is an important factor that can affect the capacity and performance of transportation facilities 

(Benekhoal & zhao, 2000; Sorensen, 2000). Heavy vehicles such as trucks or buses occupy larger space on the 

road section than passenger cars. This may result in negative effects on the performance of traffic flow also 

because of their poor acceleration and deceleration abilities when compared with passenger cars. The adverse 

effects of heavy vehicles may differ according to the vehicle type such as trucks, buses, and minibuses. This 
requires the use of passenger car equivalence (PCE) values in capacity and performance analysis of traffic flow. 

Use of PCE values are initially introduced in Highway Capacity Manual (HCM) 1965 (TRB, 1965) and they 

found an extensive use in traffic engineering analysis. In HCM 2010 (TRB, 2010), the heavy vehicle adjustment 

factor (fHV) was determined by using the following equation: 

𝑓𝐻𝑉 =
1

1+𝑃𝑇𝑟(𝑃𝐶𝐸𝑇𝑟−1)+𝑃𝑅(𝑃𝐶𝐸𝑅−1)
 (1) 

where PCETr is the passenger car equivalence value of trucks, PCER is the passenger car equivalence value for 

recreational vehicles and PTr and PR are the proportion of trucks and recreational vehicles in traffic flow, 

respectively.  

 

Different PCE values for each vehicle type may be defined for different traffic facilities. For example in Turkish 
Standards TS 6407, PCE values of buses are given 3.00 for urban arterials, 2.80 for traffic circles and 2.25 for 

signalized intersections (TSE, 1989). Similarly, Akçelik & Associates [2] suggested “2.0” as PCE value for 

heavy vehicles (trucks, buses etc.) at roundabouts and “1.5” for stop-controlled intersections. 
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PCE values under uninterrupted flow conditions may also vary according to terrain category, grade of a basic 

freeway segment and speed of traffic flow (TRB, 2010). In HCM2010, PCE values for trucks or buses differ 

between 1.5~7.0 for different upgrade percentages and PCE values differ between 1.5~7.5 for downgrades. It is 

interesting to see that PCE values reach their highest values when upgrade or downgrade values are greater than 

± 6% when the proportion of heavy vehicles are 2% for upgrades and 5% for downgrades. As the proportion of 

heavy vehicles increases, PCE values also decrease. This indicates that the homogeneity of traffic composition 

have positive effect on traffic flow.  

 
In Turkey, although several studies on heavy vehicle effect for different type of intersections have been 

presented in literature (Gedizlioğlu, 1979; Canseven, 2002; Ghasemlout, 2012; Tanyel et.al, 2013; Kuşakçı, 

2015; Abbaszadeh, 2016; Çalışkanelli & Tanyel, 2018), only a few studies have been conducted for 

uninterrupted flow conditions. Most of the studies presented for uninterrupted flow conditions in Turkey, 

generally focus on the Bosporus Bridges’ connection arterials or link capacity estimates of freeways in Turkey 

(Şahin, 2009; Şahin and Altun, 2008; Şahin and Akyıldız, 2005; Dell’orco et al., 2009; Öğüt, 2004; Öğüt and 

Ergün, 2006). Some of the studies are about lane utilization characteristics and headway distributions (Günay, 

2004; Öner, 2011; Ceyhan Yiğiter & Tanyel, 2015). Recently, there are several studies which investigates the 

performance of ramp junctions (Abuamer & Çelikoğlu, 2016) and modelling link travel times (Aksoy & 

Çelikoğlu, 2012; Çelikoğlu, 2013). However, in only a few studies like Yiğit & Çalışkanelli (2017), PCE values 

for heavy vehicles for uninterrupted traffic flow conditions are studied. 
 

In this study, PCE values for different types of heavy vehicles under uninterrupted traffic flow conditions are 

suggested using the data obtained from two locations from İzmir, Turkey.  

 

 

2. Observation Points and Data Collection  

 

Data was collected from two locations in İzmir, Turkey: Ege Mahallesi and Bornova Forum. The locations of 

observation points are shown in Figure 1. Both locations have three lanes at each direction and average lane 

width is 3.5 m. At both locations, the grades of the roads are below 2% and they are neglected in the analysis.  

 
Observation were made in the morning peak hours at Forum Bornova between 8:00~9:00 for Otogar-Bornova 

direction and in the morning and evening peak hours (8:00:-9:00 and 17:00~18:00) at Ege Mahallesi for İzmir 

Port-Basmane direction during weekdays. Observations were made using video camera recordings at each 

location. The video camera was located at a high building or pedestrian bridge under clear weather conditions. 

At each location, traffic volume, speed (spot speed) and headway values for four vehicle types (passenger car, 

minibus, bus and truck) are collected for each lane (inner, middle and outer) by using a counter program 

developed at Dokuz Eylül University. Observed traffic volumes, percentages of heavy vehicles (minibus, bus or 

trucks), averages of vehicle speeds and headways are given in Table 1. 

 

From Table 1 it is clear that, vehicles travel with higher speeds at Bornova than Ege Mahellesi except for right 

lane. That is probably because of lower traffic volumes observed at each lane at Bornova. On the other hand, the 

reason why average speeds of vehicles travelling on the inner (right) lane of Bornova are very close to the ones 
observed at Ege Mahallesi is that, the high proportion of heavy vehicles, especially trucks, travelling on that 

lane. This is a certain indicator of negative effect of heavy vehicles on performance of multi-lane highways. The 

adverse effect of heavy vehicles can be better understood from Figure 2. In the figure, speed versus flow curves 

of inner, middle and outer lanes are observed. It is clear that, the capacity and performance of outer (left) lane is 

higher than other lanes (~2500veh/h) since total percentage of heavy vehicles at this lane is very low (~5%). 

However at middle lane, highest free flow speed is observed but it rapidly decreases with demand. The lowest 

capacity and speed values belong to inner lane since the total percentage of heavy vehicles reach up to 40%. 

 

 

 

 
 

2617



 
 

 
a) Ege Mahallesi 

 

Figure 1. Location of observation points (Google Earth, 2019) 

 

 

 
 

 

Figure 2. Speed vs. flow curves for each lane for Bornova observation point 
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Table 1. The traffic volumes, the percentages of heavy vehicles (minibus, bus or trucks), the averages of vehicle 

speeds and the headways for observed lanes. 

 

 
 

 
3. Methodology 

 

In literature, various methods were suggested to predict PCE factors for heavy vehicles like headway ratio 

method (Greenshilds et al., 1947); regression method (Branston & van Zuylen, 1978); simulation methods 

(Webster & Eleftreriadou, 1999; Al-Kaisy, 2006); and equivalency criterion (Benekohal & Zhao, 2000; Rahman 

et al.; 2003). In this study, two different methods are used for prediction of PCE values, which basically depend 

on headway ratio method.  

 

Observation Point Lane Type
Traffic Volume 

(veh/h)
Vehicle type Number of Vehicles

% of 

Vehicles

Average 

Headway (Sec)

Average Speed 

(km/ph)

Passanger car 212 59.72% 6.59 66.35

Minibus 19 5.35% 5.34 63.88

Bus 5 1.41% 6.34 -

Truck 119 33.52% 8.04 55.47

Passanger car 488 75.42% 4.60 83.68

Minibus 56 8.65% 4.85 78.10

Bus 5 0.77% 4.16 81.72

Truck 98 15.15% 4.94 71.62

Passanger car 227 94.19% 9.22 107.74

Minibus 12 4.98% 7.25 -

Bus 0 0% - -

Truck 2 0.83% 8.22 -

Passanger car 670 80.72% 4.24 78.17

Minibus 48 5.78% 4.48 69.51

Bus 33 3.98% 4.83 78.67

Truck 79 9.52% 4.39 75.84

Passanger car 1096 75.85% 2.39 70.61

Minibus 108 7.47% 2.73 72.97

Bus 62 4.29% 2.60 67.75

Truck 179 12.39% 3.01 68.41

Passanger car 1364 88.34% 1.65 72.09

Minibus 58 3.76% 2.01 80.17

Bus 30 2% 2.14 73.60

Truck 92 5.96% 1.94 81.31

Passanger car 447 76.28% 4.92 69.75

Minibus 37 6.31% 4.03 64.43

Bus 27 4.61% 5.35 65.35

Truck 75 12.80% 5.54 65.70

Passanger car 1360 78.21% 2.33 58.09

Minibus 84 4.52% 2.60 56.61

Bus 57 3.82% 3.06 56.82

Truck 222 12.45% 2.95 66.19

Passanger car 1238 86.63% 2.07 81.84

Minibus 132 9.24% 2.19 78.85

Bus 26 2% 2.32 76.90

Truck 33 2.31% 0.96 82.54

Middle 1723

Left 1429

Ege Mah Evening

Left 1544

Right 586

Ege Mah Morning

Right 830

Middle 1445

Left 241

Bornova Middle 647

Right 355
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Headway ratio (HR) method was first introduced by Greenshilds et al. (1947). The method is simply based on 

calculation the ratio of the average headway of heavy vehicles to the average headway for passenger cars: 

𝑃𝐶𝐸𝑖 =
𝑡̅𝑖

𝑡̅𝑝𝑐
 (2) 

where PCEi is the passenger car equivalence value of vehicle type "i"; 𝑡�̅�  is the average headway of vehicle type 

"i" and 𝑡�̅�𝑐  is the average headway of passenger cars. Benekohal&Zhao (1996) emphasized that although the HR 

method is simple and straightforward, it does not consider the adverse effects of heavy vehicles on delay. Yeung 
et al. (2015) pointed out that in practice adopting HR method is difficult because of the reasons listed below: 

 

1. Relatively smaller proportion of vehicles other than passenger cars observed in traffic flow and it leads 

to very few headway measurements for those types of vehicles; 

2. The presence of more than two types of vehicles complicates the relationship between the headways; 

3. Headways for motorcycles riding in between lanes cannot be properly defined. 

 

The first two reasons are critical for prediction of PCE values for heavy vehicles. However, various researchers 

have developed different approaches to overcome these problems.  

 

Kimber et al. (1985) remarked that HR method involves the determination of headways of successive vehicles in 
a traffic stream. From this point of view it is important for researchers to use an appropriate statistical 

distribution in modeling headways. Various statistical distributions were used in headway modeling like negative 

exponential, shifted-negative exponential, Erlang, Gamma, Pearson Type III, lognormal, hyper-exponential, 

hyperlang, semi-Poisson, Cowan M3 (or M/D/1 queuing model) and generalized queuing model (or Cowan M4 

model) (Luttinen, 1996). In this study Cowan M3 distribution is used in modelling the headways 

 

M3 distribution is firstly developed by Cowan (1975) and found an extensive use in traffic engineering analysis. 

Cowan M3 distribution is found to be an appropriate distribution in capacity and performance analysis of 

unsignalized intersections and roundabouts but some researchers have used Cowan M3 distribution for modeling 

headways for uninterrupted flows like Bunker (1996); Akçelik (2003, 2006) and Ceyhan Yiğiter & Tanyel 

(2015). Cowan M3 distribution is a dichotomized (or mixed) distribution which consist of two components:  

a) Bunched (or constrained) vehicles which are assumed to follow each other with a headway ; 

b) Free vehicles which are following each other with headways greater than . 

 

The probability distribution function of Cowan M3 distribution can be written as follows: 

𝐹(𝑡) = 1 − 𝛼𝑒−𝜆(𝑡−Δ)    t≥Δ 

𝐹(𝑡) = 0   t<0  (3) 

In equation (3) “” is the proportion of free vehicles, “” is the minimum headway between two vehicles (sec) 

and “” is a decay constant which can be calculated by using the following equation: 

𝜆 =
𝛼𝑞

1−Δ𝑞
 (4) 

where q is the traffic flow (veh/h). Proportion of free vehicles () and minimum headway () are two parameters 

which give information about the characteristics of traffic flow. A vehicle can be assumed as a vehicle in free 

flow condition if: 

1. Headway is of adequate duration; 

2. The free vehicle is able to pass so that it does not have to modify its time-space trajectory, as it 

approaches the preceding vehicle; 

3. A passing vehicle has sustained a positive speed difference after the passing maneuver so that the free 

vehicle is still able to operate as an independent unit (Dawson & Chimini, 1968). 

4.  

Akçelik (2003) has suggested the following equation for determination of “”:  

𝛼 =
1−∆𝑞

1−(1−𝑘𝑑)∆𝑞
 (5) 

where “kd” is traffic delay/bunching parameter which can be used for different traffic analysis like speed-flow 

relationships and travel time functions. Ceyhan Yiğiter & Tanyel (2015) have suggested kd values for outer (left), 

middle and inner (right) lanes of a freeway as 0.85, 0.49 and 0.53 respectively.  

 

On the other hand, Akçelik (2003) emphasized that although selecting Δ on the basis of the best headway 

distribution prediction is still an important objective, Δ should be treated as the average headway at capacity 

flow ( 𝑞𝑐𝑎𝑝 = 1 ∆⁄  ). It can be understood that the minimum headway value provides important information 

about the characteristics of the traffic flow. Thus “q” term defined in equation (5) is the degree of saturation of 

observed roadway or lane.  
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However,  and  values defined above and previous studies on Cowan M3 distribution, are predicted for all 

vehicles without considering traffic composition. This may lead the researchers some inaccurate conclusions. To 

overcome this flaw, another approach should be taken into consideration. Hoogendoorn and Bovy [8] proposed a 

general approach to define a headway distribution model for a mixed vehicle flow:  

𝐹(𝑡) = ∑ 𝑃𝑖𝐹𝑖𝑖 (𝑡) (6) 

where F(t) is the probability distribution function of the gaps of all vehicle types; Pi is the rate of vehicle type i 

in the flow; and Fi(t) is the probability distribution function of vehicle type i. This equation can be rewritten by 

using Cowan M3 distribution as: 

𝐹(𝑡) = ∑ 𝑃𝑖(1 − 𝛼𝑖𝑒
−𝜆𝑖(𝑡−Δ𝑖))𝑖   (7) 

where i, i and i are the proportion of free vehicles, decay constant and minimum headway values for vehicle 

type “i” respectively.  

 

Modeling headways and speeds of vehicles separately in a traffic flow may not be sufficient enough since they 
are interdepended. This fact is also vital when one tries to model effect of different vehicles types on 

performance of traffic flows.  

 

Akçelik & Assocciates (2004) have developed a simple model for queue discharge behaviors of vehicles leaving 

a traffic signal and Tanyel et al. (2013) have used the same approach for defining PCE values for different types 

of vehicles at roundabouts. In this study, the same method was applied for uninterrupted flows. The method can 

be simply explained as below: 

• From the observations, the mean speed value of the passenger cars is obtained. 

• Using the average speed of the passenger cars in the major flow and the minimum headway values, the 

minimum headway value is converted to the spacing values. 

• The difference between the lengths of passenger car and heavy vehicle is added to the spacing value. 

• The spacing value of the heavy vehicle is converted to headway value again using average speed of the 

major flow. 

 

Another method in which speed is included was suggested by Sorensen (2000) for uninterrupted flow conditions. 

Sorensen (2000) suggested the following equation for determination of PCE values: 

𝑃𝐶𝐸 =
𝑡𝑣𝑝+𝑝𝑣+𝑡𝑝𝑣−𝑚(𝑡𝑝𝑝)

𝑚(𝑡𝑝𝑝)+𝑚(𝑝𝑝)
   (8) 

In the equation, m(tpp) and m(pp) are mean values of headways between passenger cars (seconds) and mean 

values of passage times of passenger cars from the observed cross section of the road within the same one-

minute interval it passes with a heavy vehicle (seconds); tpp is the headway between two passenger cars 

(seconds); tvp is the headway between a heavy vehicle and passenger car (seconds); tpv is the headway between a 

passenger car and a heavy vehicle; Pp is the time for a passenger car to pass the observed cross section of road 

(seconds) and pv is the time for a heavy vehicle to pass the observed cross section of a road (seconds). 

 

Vehicle lengths and speed of traffic flow (or vehicles) have great importance in determination of PCE values. In 

İzmir, vehicles in various types and lengths can be observed. In Table 2, vehicle types and their lengths which 

are used by Sorensen (2000), Tanyel et al. (2013) and in this study for prediction of PCE values are shown.  

 
Table 2 Vehicle types and lengths used in analysis 

 

Vehicle Type 

 

Length of Vehicle (m) 

Sorensen (2000) Tanyel et al. (2013) 
Vehicle lengths used in 

analysis 

Passenger Car 2.5~4.8 5.0 4.5 

Minibus  

(light goods vehicles and 

small trucks are included) 

4.8~7.0 6.2 6.2 

Bus  

(Single unit and/or 

articulated) 

10.0~14.0 11.9~18.0 15.0 

Trucks  

(single unit rigid truck 

and/or truck and trailer) 

12.0~22.0 - 12.0 
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4. Analysis and Results 

 

4.1 Determination of PCE values with Akçelik & Assoc. Method. 

Akçelik & Associates (2004) used minimum headway values (), traffic flow speed and vehicle lengths for 

determining the effect of heavy vehicles on traffic facilities. By using the procedure defined in the previous 

section Equation (2) can be rewritten as: 

𝑃𝐶𝐸 =
∆𝐻𝑉𝑖

∆𝑝𝑐
   (9) 

where pc is the minimum headway of passenger cars and HVi is the minimum headway of heavy vehicle type 

“i”. Determining minimum headways for passenger cars is essential for analysis. For this purpose, separate 

headway data groups were created for each vehicle type for each lane and they are modeled using Cowan M3 

distribution.  

 

The parameters of Cowan M3 can be predicted using three methods: a) method of moments; b) maximum 

likelihood method and c) least squares method. Troutbeck (1997) emphasized that especially in prediction of , 

least squares method should be used. However, since data was created for different vehicle types the parameters 

of Cowan M3 distribution are determined by using method of moments because it would be inaccurate to use 
least squares method for this type of data (For further information on least squares method readers are directed to 

the report and articles written by Luttinen (1999) and Troutbeck (1997)).  

 

The expected value of headways for Cowan M3 distribution can be found by using the following equation: 

𝐸(𝑡) = 𝑡̅ = ∆ +
𝛼

𝜆
 (10) 

For determination of variance of headways, the following equation can be used:  

𝑉𝑎𝑟(𝑡) =
𝛼(2−𝛼)

𝜆2
  (11) 

In method of moments, in most cases,  is assumed (taken) as a constant value. In the analysis different  values 

were tested by using minimization of sum of square error method [min(F(t)-H(t))2 where F(t) is the observed and 

H(t) is the predicted probability distribution functions of headways] and the  value which gives the best fit is 

chosen as the minimum headway for passenger cars. This value is used in equations (10) and (11) and “” and 

“” values are calculated.  

 

After determining pc values for each observed lane,  values for different vehicle types (in this case minibus, 

bus and truck) were tried to be determined. For this purpose the procedure defined in Section 3 for Akçelik & 

Associates method is applied by using average speed values given in Table 1 and assumed vehicle lengths 

defined in Table 2. Results are presented in Table 3. By using the  values in Table 3 equation (7) can be 

rewritten as: 

𝐹(𝑡) = 𝑃𝑝𝑐(1 − 𝛼𝑝𝑐𝑒
−𝜆𝑝𝑐(𝑡−Δ𝑝𝑐)) + 𝑃𝑚(1− 𝛼𝑚𝑒

−𝜆𝑚(𝑡−Δ𝑚)) 

 +𝑃𝑡(1 − 𝛼𝑡𝑒
−𝜆𝑡(𝑡−Δ𝑡)) + 𝑃𝑏(1 − 𝛼𝑏𝑒

−𝜆𝑏(𝑡−Δ𝑏))  (12) 

By using the above equation, the probability distribution values are calculated. The observed and predicted 

probability distribution function curves are given in Figure 3 for all data groups. When  values obtained for 

different types of vehicles by using Akçelik & Associates Method, Cowan M3 distribution highly represents 

observed headway data. As a result, predicted  values are appropriate to be used in the determination of PCE 

values for different vehicle types. 

 

In Table 3, the theoretical capacities of each lane are also calculated using  values for each vehicle type. Results 

give capacity values when traffic composition of each lane is consisting of only one vehicle type (passenger car, 

minibus, bus or truck). In the table, the change in the capacity for each vehicle type with respect to passenger car 

only traffic flow conditions are also displayed. 

 

Results show that capacity of a lane for uninterrupted flow conditions may reach up to 3600 veh/h. However, 

this value is unrealistic as vehicles are driven by human drivers. Theoretical capacity of a lane may reach to this 

value if all vehicles are assumed to be autonomous vehicles and if they travel in a full connected environment. 
On the other hand, theoretical capacity values that lie between 2500~2700 veh/h may be acceptable (Aydın 

2007).  

 

Minibuses, buses, trucks may cause a reduction in capacity up to 10%, 30%, and 25%, respectively (Table 3).  
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PCE values for minibuses, buses and trucks are determined by Sorensen model (Equation 8). The parameters 

used in calculations are given in Table 4. In Table 4, 𝑡𝑣𝑖𝑝 is the headway between heavy vehicle type “i” and 

passenger car (seconds); 𝑡𝑝𝑣𝑖  is the headway between a passenger car and heavy vehicle type “i”. 

 

Table 3  values for Different Types of Vehicles Predicted using Akçelik& Assoc. Method 

 

 
 

Observation Point Lane Vehicle type i (sec)
Capacity 

(3600/i) (veh/h)

% of 

change in 

capacity

Passanger car 1.30 2769

Minibus 1.44 2506 9

Bus 1.87 1922 31

Truck 1.71 2106 24

Passanger car 1.00 3600

Minibus 1.11 3252 10

Bus 1.45 2483 31

Truck 1.32 2724 24

Passanger car 1.40 2571

Minibus 1.48 2426 6

Bus 1.75 2053 20

Truck 1.65 2179 15

Passanger car 1.00 3600

Minibus 1.12 3228 10

Bus 1.48 2427 33

Truck 1.35 2676 26

Passanger car 1.96 1833

Minibus 2.09 1721 6

Bus 2.50 1440 21

Truck 2.35 1534 16

Passanger car 1.30 2768

Minibus 1.43 2525 9

Bus 1.83 1973 29

Truck 1.68 2149 22

Passanger car 1.30 2769

Minibus 1.43 2519 9

Bus 1.84 1954 29

Truck 1.69 2134 23

Passanger car 1.82 1973

Minibus 1.93 1864 6

Bus 2.27 1583 20

Truck 2.15 1678 15

Passanger car 1.55 2326

Minibus 1.65 2186 6

Bus 1.97 1832 21

Truck 1.85 1950 16

Ege Mah Evening Right

Ege Mah Evening Middle

Ege Mah Evening Left

Ege Mah Morning Right

Ege Mah Morning Middle

Ege Mah Morning Left

Bornova Right

Bornova Middle

Bornova Left
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Figure 3 Comparison of the probability distribution functions of observed headways and Cowan M3 

distribution. 

 

 
The PCE values obtained using Akçelik & Assoc. and Sorensen methods are shown and compared in Table 5. 

From the table the following results can be obtained: 

1. Except for Bornova right and left lanes and Ege Mahallesi right lane, Sorensen model gives higher PCE 

values than Akçelik & Assoc. model.  

2. The PCE values for minibuses vary between 1.06~1.11 according to Akçelik & Assoc. model and 

0.65~1.31 according to Sorensen method. The smallest PCE values obtained for right lanes for each 

observation data set. These results may indicate that minibuses can be evaluated with passenger cars in 

the analysis. On the other hand, PCE values obtained from Sorensen model may also indicate that 

especially minibus drivers are more aggressive than passenger car drivers in traffic flow. 

3. From the analysis it is understood that PCE values for buses may range between 1.27~ 1.66 and average 

of all values are 1.41.   
4. PCE values for trucks changes between values of 1.19 and 1.32 according to Akçelik & Assoc. model 

and they change between 1.21 and 2.05 (From Sorensen’s model 0.48 is obtained for Bornova left lane 

but since a few data was obtained for trucks at this location, this result is neglected).  
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Table 4 Parameters used in the Analysis for Sorensen Method 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observation Point Vehicle Type
Average Speed of vehcile 

type "i"(km/h)

Average 

Speed of 

traffic flow 

(km/h)

Length Of Vehicles

Passage 

Time "Pvi" 

(sec)

tpp  (sec)
tpvi 

(sec)

tvip 

(sec)

Passenger Car 66.35 4.5 0.24 6.58

i1 Minibus 63.88 7 0.39 6.58 5.28 5.34

i2 Bus 59.00 15 0.92 6.58 8.74 6.34

i3 Truck 55.47 12 0.78 6.58 6.41 8.04

Passenger Car 83.68 4.5 0.19 4.60

i1 Minibus 77.52 7 0.33 4.60 5.06 4.85

i2 Bus 76.00 15 0.71 4.60 6.58 4.16

i3 Truck 79.45 12 0.54 4.60 5.10 4.94

Passenger Car 107.74 4.5 0.15 9.22

i1 Minibus 104.33 7 0.24 9.22 9.45 7.25

i2 Bus 72.48 15 0.75 9.22 12.45 8.25

i3 Truck 115.23 12 0.37 9.22 5.09 8.23

Passenger Car 78.17 4.5 0.21 4.24

i1 Minibus 83.65 7 0.30 4.24 3.86 4.48

i2 Bus 78.67 15 0.69 4.24 4.35 4.83

i3 Truck 75.85 12 0.57 4.24 4.66 4.39

Passenger Car 70.61 4.5 0.23 2.39

i1 Minibus 72.97 7 0.35 2.39 2.69 2.72

i2 Bus 67.74 15 0.80 2.39 2.58 2.60

i3 Truck 60.40 12 0.72 2.39 2.69 3.01

Passenger Car 72.09 4.5 0.22 1.65

i1 Minibus 80.17 7 0.31 1.65 1.62 2.01

i2 Bus 73.60 15 0.73 1.65 1.73 2.14

i3 Truck 80.90 12 0.53 1.65 1.78 1.93

Passenger Car 69.74 4.5 0.23 4.92

i1 Minibus 64.43 7 0.39 4.92 4.36 4.03

i2 Bus 65.35 15 0.83 4.92 7.22 5.34

i3 Truck 65.70 12 0.66 4.92 4.82 8.53

Passenger Car 58.09 4.5 0.28 2.32

i1 Minibus 55.61 7 0.45 2.32 2.66 2.60

i2 Bus 56.81 15 0.95 2.32 2.62 3.06

i3 Truck 66.19 12 0.65 2.32 2.32 2.94

Passenger Car 81.84 4.5 0.20 2.07

i1 Minibus 78.84 7 0.32 2.07 2.27 2.19

i2 Bus 76.89 15 0.70 2.07 2.05 2.31

i3 Truck 82.54 12 0.52 2.07 2.53 3.27

Ege Mah Evening Right Lane

Ege Mah Evening Middle Lane

Ege Mah Evening Left Lane

Bornova Right lane 

Bornova Middle Lane

Bornova Left Lane

Ege Mah Morning Right lane  

Ege Mah Morning Middle lane  

Ege Mah Morning Left lane  78.16

69.18

81.29

58.46

61.51

80.67

107.62

78.16

70.4
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Table 5 Comparison of PCE Values Obtained from both Models 

 

 
 

 

5. Conclusions 

 

In this study PCE values for minibuses, buses and trucks are tried to be determined by two different approaches 

which are mainly depend on headway ratio method. For this purpose data was obtained from two locations in 

İzmir: Bornova and Ege Mahallesi. From the analysis the following results are obtained: 

 

• The PCE values for minibuses changes between 1.06~1.11 according to Akçelik & Assoc. (2004) 

model and 0.65~1.31 according to Sorensen method. These results indicates that minibuses can be 

evaluated with passenger cars in the analysis.  

Observation Point Lane Vehicle type PCE(Akçelik) PCE (Sorensens)

Passenger car

Minibus 1.107142857 0.649822077

Bus 1.45 1.379694288

Truck 1.321428571 1.267379378

Passenger car -

Minibus 1.104895105 1.175540323

Bus 1.440559441 1.429096594

Truck 1.314685315 1.248274875

Passenger car -

Minibus 1.060080107 0.824466626

Bus 1.252336449 1.304754312

Truck 1.18024032 0.477026921

Passenger car

Minibus 1.115133683 0.989659791

Bus 1.483561469 1.265146652

Truck 1.345401049 1.209636627

Passenger car

Minibus 1.064901828 1.284763614

Bus 1.272587677 1.369445508

Truck 1.194705483 1.536682762

Passenger car

Minibus 1.09597855 1.223827102

Bus 1.40310991 1.575540384

Truck 1.28793565 1.383670003

Passenger car

Minibus 1.099269815 0.749399029

Bus 1.416933225 1.643214487

Truck 1.297809446 1.763785003

Passenger car

Minibus 1.058726435 1.30562359

Bus 1.246651027 1.658614808

Truck 1.176179305 1.382391599

Passenger car

Minibus 1.064273388 1.309002272

Bus 1.269948232 1.445556517

Truck 1.192820165 2.054774204

Ege Mah Evening Right

Ege Mah Evening Middle

Ege Mah Evening Left

Ege Mah Sabah Right

Ege Mah Sabah Middle

Ege Mah Morning Left

Bornova Right

Bornova Middle

Bornova Left
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Minibus

Bus

Truck
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Observation Point Lane Vehicle type PCE (Akçelik) PCE (Sorensen)

Passanger car

Minibus 1.11 0.65

Bus 1.45 1.38

Truck 1.32 1.27

Passanger car -

Minibus 1.10 1.18

Bus 1.44 1.43

Truck 1.31 1.25

Passanger car -

Minibus 1.06 0.82

Bus 1.25 1.30

Truck 1.18 0.48

Passanger car

Minibus 1.12 0.99

Bus 1.48 1.27

Truck 1.35 1.21

Passanger car

Minibus 1.06 1.28

Bus 1.27 1.37

Truck 1.19 1.54

Passanger car

Minibus 1.10 1.22

Bus 1.40 1.58

Truck 1.29 1.38

Passanger car

Minibus 1.10 0.75

Bus 1.42 1.64

Truck 1.30 1.76

Passanger car

Minibus 1.06 1.31

Bus 1.25 1.66

Truck 1.18 1.38

Passanger car

Minibus 1.06 1.31

Bus 1.27 1.45

Truck 1.19 2.05

Ege Mah Evening Right

Ege Mah Evening Middle

Ege Mah Evening Left

Ege Mah Sabah Right

Ege Mah Sabah Middle

Ege Mah Morning Left

Bornova Right

Bornova Middle

Bornova Left
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• On the other hand, minibuses may cause a decrease in capacity of a lane up to 10% at different lanes 

and locations.  

• Analysis also showed that buses may cause a decrease in capacity of a lane up to 30%. Thus, the 

average PCE value for buses obtained from all analysis is 1.41 which is the highest value among all 

three vehicle types.  

• The highest variance is observed from the PCE values for trucks although the average of all predictions 

is 1.36. The results also shows that trucks may decrease capacity of a lane up to 25%. 

• Another result obtained from the study is Cowan M3 distribution can be used in modeling headways for 

freeways or multi-lane highways. 
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