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Figure 4-1. Average speed of ETC-only lanes versus discharge for free-flow speeds of 
20 mi/h, 30 mi/h, and 40 mi/h. 
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Figure 4-2. Selecting “Toll Plaza” as the input segment type in FREEPLAN 
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Figure 4-3. The “Toll Plaza Data” pop-up menu, which contains specific toll plaza 
inputs for a toll plaza segment in FREEPLAN 
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Figure 4-4. The LOS Results tab, which now contains results for a toll plaza segment 
in FREEPLAN 
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Figure 4-5. Additional toll plaza results screen. 
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CHAPTER 5 
SUMMARY AND RECOMMENDATIONS 

 
Summary 

Data collected from simulations in CORSIM were used to develop a methodology 

for analyzing toll plazas for both single-payment plazas and multiple-payment plazas. 

First, the processing rate is calculated by adding the service time and the pull-up time. 

Next, the ideal portion of the total demand for each payment type must be determined. 

Then, the capacity of each payment type is calculated based on the number of booths, 

the processing time, and the percentage of trucks. Finally, the demand to capacity ratio 

is used to determine the density and delay of the toll plaza segment. The level of 

service for the toll plaza segment is based on delay, while the density of the toll plaza 

segment is used in the calculation for overall freeway facility LOS. 

ETC-only lanes were also considered in the analysis. Availability of ETC-only 

lanes can significantly increase the capacity of a toll plaza. They are analyzed based on 

macroscopic uninterrupted traffic flow theory.  The developed speed-flow relationship is 

used to determine density. The free-flow speed of ETC-only lanes is an important factor 

in determining their capacity. A low free-flow speed yields a lower capacity than a high 

free-flow speed.  As the free-flow speed approaches regular freeway and ORT segment 

free-flow speeds, it is expected that the capacity will be similar to the values identified in 

the HCM for basic freeway segments, where capacity generally occurs around average 

speeds of 50 to 53 mi/h. 

The methodology briefly described above for analyzing toll plazas was 

implemented into a freeway facility analysis program named FREEPLAN. Once a 

segment type is identified as “Toll Plaza”, the details, such as payment type distribution, 
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number of lanes, average service time, length of the segment, etc., are inputted on the 

Segment Data tab and under the “Edit” pop-up input dialog. The LOS Results tab 

provides the outputs from the facility analysis, including density, speed, and LOS. There 

is also an additional toll plaza outputs screen that provides speed, density, delay, and 

LOS for non-ETC-only lanes, ETC-only lanes, and the overall plaza. 

Recommendations 

Although the research presented in this thesis made significant advances in the 

ability to accommodate toll plaza analysis within the broader context of freeway facility 

analysis, there is still additional work to be done in this area. The following are 

recommendations based on the results or limitations of this research. 

Oversaturated Analysis and Implementation into the Freeway Facilities Program 

This research was limited to undersaturated analysis. While undersaturated 

freeway facilities analysis is included in this research, this can be limiting for those that 

wish to model oversaturated conditions with multiple time periods. Additional research 

should be done that covers oversaturated scenarios. This will provide a more complete 

understanding of the effect toll plazas have on an extended length freeway, not just the 

immediate area upstream and downstream of a toll plaza.  

Implementation into the HCM 

It is recommended that the methodology developed in this research be included 

in the Highway Capacity Manual. There is currently no guidance on how to analyze toll 

plazas, either at the segment level or the facility level. With the methodology developed 

in this analysis, the capacity and level of service of toll plazas can be analyzed, both in 

isolation and in conjunction with other surrounding segments that form a facility.  The 
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methodology presented in this thesis can be included in the HCM as a stand-alone 

chapter in the uninterrupted flow volume.  The HCM chapter on freeway facility analysis 

can be modified to include guidance on incorporating toll plaza segments into a facility 

analysis for undersaturated conditions. When future research on oversaturated analysis 

of toll plazas is completed, the HCM chapters can be further updated as appropriate. 

Simulation with ETC-Only Lanes 

To keep the experimental design and subsequent computational time 

manageable, the simulation and analysis of ETC-only lanes was done independent of 

the manual and ACM lanes.  Thus, the analysis methodology presented in this thesis 

reflects separate equations for these two types of lanes, for which the results are 

aggregated to arrive at overall toll plaza measures.  While these two groups of lanes 

generally operate independently of one another, it is possible that some interactions 

may occur during the upstream diverging and downstream merging process, which 

might lead to slightly different results than those estimated by the approach given here.  

Thus, future research should explore simulation scenarios that consider ETC-only and 

manual/ACM lanes in the same plaza, particularly for oversaturated conditions. 

Density, Delay and LOS by Payment Type 

As described in Chapter 3, some of the data collected for this research were from 

scenarios with multiple payment types accepted at the plaza. The resulting equations in 

the methodology in Chapter 4 use a single equation to calculate density and a single 

equation to calculate delay. Therefore, the density and delay values are for the plaza as 

a whole, and are not split specifically by payment type. However, the density, delay, and 

LOS are reported for non-ETC-only lanes and ETC-only lanes separately. 
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While, in general, this combined output is sufficient to analyze the plaza, 

occasionally, it could be useful to know the density, delay, and LOS of a single payment 

type. Because different payment types have different average service times at the 

plaza, they are likely to have different typical delay values. It is also possible that the 

driver perspective can change for different payment types; for example, a driver might 

expect to have a shorter delay at an ACM lane than at a manual lane where change is 

required. Just as ETC-only lanes have a different LOS scale, so should each of the non-

ETC-only payment types accepted at a plaza.  

Future research should consider determining whether separate LOS scales 

should be used for different payment types, especially for non-ETC-only lanes. Also, the 

appropriate service measure(s) and threshold values should be properly identified and 

confirmed with research. 
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APPENDIX 
USER’S GUIDE TO TOLL PLAZA MODELING IN FREEPLAN 

 
This appendix serves as a guide for modeling toll plazas in FREEPLAN. It 

specifically covers three types of toll plazas: traditional, open road tolling (ORT) only 

plazas, and the combination of a traditional plaza and the open road tolling segments in 

parallel. These scenarios, as well as the corresponding options that can be modified, 

are discussed in detail. 

Traditional Toll Plaza Only on Mainline 

A traditional toll plaza is one that consists of payment types that require the 

vehicle to slow or stop completely to pay the toll. These payment types include 

automated coin machines (ACM), manual booths (MB) and electronic toll collection 

lanes (ETC) that require the driver to slow to a speed of at most 45 mi/h.  

To model this type of toll plaza in FREEPLAN, make a new segment, and select 

“Toll Plaza” as the segment type. This segment cannot be either the first or last 

segment of the facility. Selecting the corresponding highlighted “Edit” option will produce 

the “Toll Plaza Data” popup window. Here, options can be changed for the toll plaza 

segment. First, confirm the radial option for “Traditional Plaza only on mainline” is 

selected. Secondly, in the “Number of Lanes” section, indicate the number of booths for 

each payment type. Next, if any ETC-only lanes exist, input the free flow speed of these 

lanes. Then, in the “Payment Type Composition” section, edit the percentage of the total 

demand volume that will use each of the payment types. These values must sum to 

100%. Finally, if necessary, modify the average service times for the two stop required 

payment types in the “Average Service Times” section. 
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Click “OK” to close the “Toll Plaza Data” popup window. Next modify the rest of 

the input data in the “Segment Data” tab. Once the input data for all other segments in 

the facility have been set up, the individual segment results along with the facility results 

can be viewed on the “LOS Results” tab. On the results tab under the “Additional 

Off-Ramp/Toll Outputs” column, additional results for the toll plaza can be viewed. 

These results show specific outputs, such as average speed, density, delay, and LOS, 

for the non-ETC-only lanes, the ETC-only lanes, and the overall toll plaza.  

Open Road Tolling Only on Mainline 

Another toll plaza scenario that can be modeled is open road tolling (ORT) with 

no traditional payment options. In this situation, the toll is collected via ETC, but without 

requiring vehicles to stop or slow down at all. In some situations, the toll is collected by 

recording license plates and mailing a bill to the registered owner of the vehicle. 

Typically, there is no change in the roadway geometry of an ORT segment; therefore, 

the segment is analyzed as a basic segment.  

To input this scenario into FREEPLAN, add a new segment, select “Toll Plaza” 

as the segment input type, and click the “Edit” button to bring up the “Toll Plaza Data” 

popup window. After the radial option for “Open Road Tolling only on mainline” is 

selected and the number of ORT lanes are entered, no additional inputs are necessary. 

Click “OK” and modify any other segments inputs in the “Segment Data” tab. Then find 

the results of the analysis on the “LOS Results” tab. There are no additional results 

under the “Additional Off-Ramp/Toll Outputs” column because the segment is simply 

analyzed as a basic segment. 
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Open Road Tolling and Parallel Traditional Plaza 

The last toll plaza scenario that can be modeled in FREEPLAN is one that 

combines the previous two scenarios by modeling an ORT section with a parallel 

traditional plaza. The ORT section includes multiple lanes by which vehicles are not 

required to slow down, while the parallel traditional toll plaza provides drivers with the 

option of using stop-required payment methods. In order to enter the traditional toll 

plaza area, vehicles can exit the freeway segment via an off-ramp, and, after having 

paid the toll, can re-enter using the connecting on-ramp. If drivers prefer ORT, they can 

simply continue on the freeway segment without exiting. 

This scenario is inputted very similarly to the “Traditional Plaza only on mainline” 

except for one additional input: the proportion of the demand using the traditional toll 

plaza. This ratio can be inputted once the “Open Road Tolling + Parallel Traditional 

Plaza” option has been selected. After the rest of the details are inputted (as discussed 

in the Traditional Toll Plaza Only on Mainline section), click “OK” to close the “Toll Plaza 

Data” popup window. Find the results on the “LOS Results” tab. The results displayed in 

the toll plaza segment row describe the ORT segment. The traditional plaza results can 

be found under the “Additional Off-Ramp/Toll Outputs” column. Here, results are split 

into regular lanes, ETC-only lanes, and overall plaza results. 

Examples 

The following are examples for each of the scenarios listed above. They show 

the input data used, along with the results obtained from FREEPLAN. 
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Example 1: Traditional Toll Plaza Only on Mainline 

Example 1 shows an example of how to set up a segment with only a traditional 

toll plaza. The “Segment Input” tab contains five segments, the third of which is a toll 

plaza segment (Figure A-1). The toll plaza contains two manual lanes (35% demand) 

with an average service time of 5.6 sec, two automated coin machine lanes (40% 

demand) with an average service time of 2.3 sec, and 1 ETC-only lane with a free-flow 

speed of 35 mi/h (Figure A-2). The results of Example 1 can be found in Figure A-3 and 

Figure A-4. 

Example 2: Open Road Tolling Only on Mainline 

Example 2 demonstrates the way an ORT only segment is modeled. The 

“Segment Data” tab contains the number of through mainline lanes (three) and the 

length of the toll plaza segment (2640 ft) (Figure A-5). Correspondingly, under the “Toll 

Plaza Data” input screen, three lanes were entered (Figure A-6). The results for the 

analysis can be found in Figure A-7. 

Example 3: Open Road Tolling + Parallel Traditional Plaza 

Example 3 shows an example of how an ORT segment and a parallel traditional 

toll plaza are set up in FREEPLAN. First, a Toll Plaza segment is created (Figure A-8), 

and the “Open Road Tolling + Parallel Traditional Plaza” option is selected. Three ORT 

lanes and a traditional toll plaza usage rate of 0.4 are inputted. The parallel traditional 

plaza is made up of three manual lanes, with average service times of 5.5 s 

(Figure A-9). After confirming the inputs, the off- and on-ramps are added to the list of 

segments (Figure A-10). Finally, the results can be viewed in Figure A-11, along with 

additional toll plaza results (Figure A-12).  
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Figure A-1.  Example 1 segment data input screen 
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Figure A-2.  Example 1 toll plaza data input screen 
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Figure A-3.  Example 1 LOS results tab 
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Figure A-4.  Example 1 additional toll plaza results 
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Figure A-5.  Example 2 segment data input screen 
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Figure A-6.  Example 2 toll plaza data input screen 
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Figure A-7.  Example 2 LOS results tab 
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Figure A-8.  Example 3 segment data input screen 
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Figure A-9.  Example 3 toll plaza data input screen 
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Figure A-10.  Example 3 segment data input screen with automatically added off- and 
on-ramps 



83 
 

 

Figure A-11.  Example 3 LOS results tab 
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Figure A-12.  Example 3 additional toll plaza results 
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