
ABSTRACT 

BAEK, JUWOON. Modeling Arterial Work Zone Capacity and Estimating Arterial Progression 
Speed (Under the direction of Dr. Billy M. Williams and Dr. Nagui M. Rouphail). 
  

This dissertation reports two interrelated studies of work zone capacity and progression 

speed, respectively, which are the main factors for maintaining coordinated signalized 

intersections.  

First, this research explores ways that work zone activities impact intersection capacity. 

As traffic demand increases, traffic congestion and safety issues gradually worsen, which leads 

to an increase in work zone activities in order to maintain pavement integrity. These activities in 

turn lead to further congestion, which has motivated the development of planning-level 

methodologies that can assess the effect of work zones on urban arterials. Although several 

studies have focused on arterial work zone capacity, most of these studies have developed a 

model in a simulation platform but they have not fully considered work zone geometry and 

traffic conditions. The first study of this research effort aims to (a) develop a model that 

considers various geometric changes and prevailing traffic characteristics using field data and (b) 

integrate these effects within an existing model to account for a broad range of work zone 

factors. 

Second, this research focuses on ways to estimate progression speed. Abnormal activities 

such as work zone activities can lead to broken signal coordination and a resultant increase in 

vehicle delays and travel time. Therefore, providing appropriate offsets to reduce these adverse 

effects is important. Although many studies have targeted methods and effects of signal 

progression, the estimation of the progression speed itself has not been adequately studied. Even 

the definition of ‘progression speed’ in the literature is inconsistent and vague. The second study 



of this research effort aims to (a) provide an accurate definition of progression speed, (b) develop 

a strategy for investigating progression speed using vehicle trajectory data, and (c) create a user-

friendly platform for collecting progression speed data in the field. 

The results of the first study indicate that the developed work zone saturation flow model 

is sensitive to traffic demands, turning movement proportions, and short-lane capacity 

restrictions. The validation results are largely favorable because, in most cases, the saturation 

flow rates for the through-lanes (for both individual lane-based and lane group-based results) fall 

within ± 9% and ± 4% of the field observations, respectively.  

The results of the second study indicate that progression speed is sensitive to geometric 

and control conditions such as the speed limit and intersection spacing. The results show that the 

optimal location for progression speed data collection differs based on the prevailing conditions. 

For example, the data collection locations are similar at speed limits between 35 mph and 45 

mph, with longer spacing between intersections. However, at the 55 mph posted speed limit, the 

optimal data collection location moves downstream as the intersection spacing increases. The 

validation results show that the offset generated using the proposed progression speed can reduce 

delays compared to the traditional offset that is generated using the posted speed limit. 

In sum, the developed work zone capacity model is expected to be useful for analysts for 

signal retiming under work zone conditions and for developing operational strategies for work 

zones. The proposed guidelines for collecting progression speed data are expected to aid 

researchers in conducting field studies and progression speed model development. 
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Chapter 1. INTRODUCTION 

1.1 Background 

Traffic congestion has worsened with the surge in traffic demand, which consequently has 

severely diminished pavement quality and has led to an increase in arterial work zones and 

construction activities. The effects of work zone activities depend on the location of the work 

zone on the arterial roadway. The two main types of work zone are intersection work zones and 

midblock work zones that are located in between intersections. Work zone activities and 

construction on arterial streets can be a considerable source of congestion in metropolitan areas. 

To mitigate congestion on arterials, the factors that affect congestion must be identified, and the 

ways those factors affect traffic operations need to be understood. In addition to possible 

capacity impacts, failure to set an appropriate offset on coordinated arterial streets causes the 

signalization coordination to be broken, leading to a decrease in traffic mobility within the 

corridor. Progression speed is the most crucial factor for determining appropriate offsets and 

ideally should be defined as the desirable speed of vehicles that pass between two intersections 

without stopping. 

This research proposes a method for estimating the reduction in capacity in arterial work zones 

using detailed work zone configurations and by identifying a basic progression speed under 

given geometry and traffic factors. For the capacity analysis, empirical operational performance 

data were collected at active arterial work zone sites. Simulation analysis was performed in order 

to generate supplemental data to enable consideration of a variety of work zone configurations 

beyond those that can be observed in the field. This research exclusively used simulation data to 

collect vehicle trajectory information under multiple scenarios for the progression speed analysis. 
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The research contributions include a new saturation flow rate model that considers various work 

zone geometry and traffic conditions, developed via simulation analysis. The developed model 

was expanded to include work zone factors that are not considered in the literature. The research 

contributions also include a strategy for determining the optimal progression speed under the 

given geometry and traffic conditions as well as associated guidelines for implementing the 

strategy. 

 

1.2 Problem Statement and Motivation 

Work zone and construction activities on arterial streets can contribute to a significant reduction 

in capacity. The resulting traffic conditions generate severe congestion that aggravates traffic 

safety and operational performance. The changes in the progression speed under such 

environmental conditions can lead to decreased traffic mobility and increased delays. Work zone 

activities at intersections reduce the saturation flow rate at the intersection, but the impact varies 

under different work zone conditions. The reduced saturation flow rate leads to an increase in the 

queue length at the intersection and, depending on the traffic volume, the lengthened queue may 

or may not require signal retiming. Therefore, traffic engineers need a method to determine 

whether the current traffic signal control parameters need to be changed or maintained.  

Many research efforts have been undertaken to identify the impacts of work zone activities on 

highways, but few have specifically targeted arterial street work zones. Most state-of-the-art 

models are based on simulation analysis or field experiments, with limited geometric conditions. 

As the current arterial work zone capacity models can be applied only to limited cases, a new 

empirical arterial work zone capacity model is required so that traffic engineers can proactively 

mitigate expected congestion and delays.  
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The presence of various closures or traffic disruptions caused by work zone activities at arterial 

midblock locations negatively affects the corridor travel speed. At coordinated intersections, a 

speed drop decreases the opportunity for progression, thereby degrading signal coordination. The 

resultant broken signal coordination requires adjusting the offset to improve mobility and reduce 

delays. Therefore, accurate progression speed estimation is essential in order to adjust the signal 

offsets effectively. However, because progression speed has no strict standards to regulate or 

define it, traffic engineers tend to use the posted speed limit as the initial progression speed and 

then fine-tune the offset manually based on limited field observations combined with informal 

heuristic methods. Another basis for adjusting system offsets is extensive field trajectory data in 

the field. However, the data collection effort for this method is inefficient and, in many cases, 

infeasible in terms of cost and time. By providing a strategy that can identify the basic 

progression speed, traffic engineers can easily adjust the offset to reduce delays and thus provide 

increased mobility along the corridor.  

 

1.3 Research Objectives 

The two-part objectives of this research are to identify factors that impact arterial work 

zone capacity and basic progression speed as well as to develop an estimation model for arterial 

work zone capacity and a strategy for identifying progression speed. This research was 

conducted to meet the following specific objectives: 

 Identify the conditions that contribute to capacity reduction in work zones. 

 Develop a methodology to predict capacity drops by considering the impact of the work 

zone and given traffic conditions. 

 Investigate factors that can cause a corridor progression speed to change. 
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 Identify appropriate data collection locations for measuring progression speed. 

 Develop user-friendly guidelines for progression speed data collection under different 

conditions. 

1.4 Dissertation Outline 

This dissertation consists of four chapters. The first chapter provides the background, problem 

statement and motivation, and research objectives. The second and third chapters respectively 

present two studies that relate to each other in terms of both addressing and further analyzing 

work zone traffic congestion. The second chapter documents a novel work zone capacity 

estimation methodology and includes a literature review of work zone capacity models, describes 

the developed model, and provides validation results. The third chapter provides a review of 

progression speed definitions, proposes a method for identifying data collection locations, and 

provides guidelines for collecting progression speed data in the field. The third chapter also 

serves as a preliminary stage for future analysis of work zones. The final chapter discusses the 

research contributions and limitations and provides recommendations for future research. 
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Chapter 2. ARTERIAL WORK ZONE CAPACITY MODEL 

2.1 Introduction 

Under different levels of traffic, a work zone at an intersection can impact the intersection 

operations differently. Several factors, such as the work zone activities or pavement conditions, 

eventually reduce the saturation flow rate. As lane group capacity is calculated analytically based 

on the saturation flow rate and green-to-cycle length ratio, a reduction of the saturation flow rate 

leads to a decrease in capacity. This phenomenon increases the length of the queue at the 

intersection. The impact of the lengthened queue differs under different levels of traffic and 

distances between intersections. Therefore, knowing the environment in which the work zone 

adversely affects signal operations is important. The most recent model, developed by Schroeder 

et al. [1], reflects various work zone factors, but the basic headway is fixed and the traffic level is 

not considered. In addition, the Schroeder et al. model considers only a full-lane closure in an 

exclusive turn lane.  

However, for this study, the work zone impact is believed to be different under different basic 

saturation flow rates, levels of traffic, and partially opened exclusive turn lanes. Therefore, this 

study was focused on the effects of a shortened exclusive turn lane on the saturation flow rate 

and adjacent through movement using both field data and simulation analysis results. As such, 

this research used both field data and simulation data for model development. Due to the 

difficulties associated with collecting work zone data in the field, a simulation tool was used to 

overcome the restriction of a relatively small sample size and work zone configurations were 

obtained from a field dataset. In this research, the macro-simulation tool, SIDRA 8, was used to 

simulate various work zone conditions, and the field data were used to modify the SIDRA 

model. 
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2.2 Literature Review 

Work zone studies tend to be categorized into freeway-related and arterial-related research. Most 

previous studies have focused on freeway work facilities [2-11], but a few have concentrated on 

urban arterial streets [1, 12-16]. As the focus of this research project is work zone conditions in 

arterial streets, the literature review is concentrated on the relevant studies. 

Hawkins et al. [12] identified factors that impact work zone operations at mid-segment locations; 

the factors include high congestion during peak periods, driveway access, narrow lanes, lane 

closure, and pedestrian presence. Hawkins et al. presented a capacity of only 760 

vehicles/hour/lane (veh/h/ln) for a mid-segment short-term work zone on a two-lane approach to 

a signalized intersection with a single lane closure. Elefteriadou et al. [13] discovered factors that 

impact the operations performance at an intersection work zone; the factors include the green-to-

cycle length ratio for each lane group, the relative distance between the work zone and the 

intersection, and the percentage of left-turning traffic. To predict work zone capacity, 

Elefteriadou et al. used the simulation package, CORSIM, to develop a set of regression 

equations. CORSIM was developed using factors that include signal timing, approach geometry, 

and the distance between the intersection and work zone. The estimated capacity found in the 

Elefteriadou et al. [13] study ranged from 385 to 1,005 veh/h/ln. The Florida Department of 

Transportation (DOT) Plans Preparation Manual [14] uses the Highway Capacity Manual 

(HCM) concept of saturation flow rate in its model to estimate the capacity of both mid-segment 

and intersection work zones. Heaslip et al. [15] used simulations and listed various factors to 

estimate the capacity of an arterial work zone, including the effective green-to-cycle length of 

each lane group, the distance between the work zone to a downstream intersection, and the 

percentage of left-turning vehicles. Bonneson et al. [16] also presented factors that impact 
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arterial work zone operations based on categories. Through a regression-based modeling 

approach, Bonneson et al. developed a new saturation flow rate adjustment factor for work zones 

at signalized intersections. An earlier national research project, National Cooperative Highway 

Research Program (NCHRP) 3-107, Work Zone Capacity Methods for the Highway Capacity 

Manual [17], reviewed various work zone models, including arterial work zone models, for 

inclusion into the HCM. Bonneson et al. proposed a saturation flow rate adjustment factor for 

work zone presence as part of the Strategic Highway Research Program (SHRP) 2 Project L08 

[16]. This model was validated in the NCHRP 3-107 project [17] and included in the Highway 

Capacity Manual (6th edition) [18]. In the model, the saturation flow rate adjustment factor for 

work zone presence is computed and applies to all lane groups in the subject intersection 

approach. The North Carolina DOT (NCDOT) 2013-09 project [1] presented a statistical 

approach to model the saturation headway at signalized intersection work zones. The NCDOT 

project research identified several factors that could affect the operational performance of a 

signalized intersection with some work zone activity; these factors include work intensity, 

pavement conditions, ledge presence, turn percentages, and the number of closed exclusive turn 

lanes. 

A critical need for modeling work zone activities on arterial streets is the ability to apply partial 

or full lane closures at the lane level and test their effects using appropriate performance 

measures. This capability can be addressed using most micro-simulation tools such as VISSIM 

[19] or TransModeler [20]. However, to the best of the author’s knowledge, this capability can 

be achieved using only one macro-simulation model, SIDRA INTERSECTION [21]. SIDRA not 

only enables lane-by-lane analysis of arterial roadways but also contains a theoretical model of 
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short-lane effects on saturation flow rates, which makes SIDRA ideally suited for considering 

work zone impacts on signalized intersection approaches. 

 

2.3 Methodology 

The work described in this Chapter 2 follows the step-by-step analysis procedure presented in 

Figure 2-1 as a flow chart for model development, which includes field data collection and 

simulation analysis. The field data collection process is severely hampered by several factors, 

including the following. 

 Work zone operation schedules are largely delegated to the contractor who is performing 

the work, making it difficult to plan for field activity observations. 

 Contractors generally are not required to provide detailed work schedules. 

 Work schedules are highly subject to delay for a myriad of reasons. 

Hence, relying on field data alone would not allow the observational data foundation initially 

planned for this study. Therefore, simulation analysis was conducted using an experimental 

design to develop a model for arterial street work zone capacity. 
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Figure 2-1: Analysis flow chart for developing work zone capacity model 

 

2.3.1 Step 1: Data Collection 

Type of Data and Site Selection  

Various work zone activities can impact arterial streets in different ways. To identify such 

impacts, multiple devices were used in this research to collect various data. The three types of 

devices used in this study are (1) video cameras for collecting saturation headway and traffic 

counts, (2) Bluetooth devices for collecting travel time and speed data, and 3) a dashboard 

camera (dashcam) for monitoring work zone activities.  
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The data collection sites were selected based on the following criteria. The site (1) was easily 

accessible, (2) at a coordinated intersection, (3) included a two-lane approach, (4) had at least 

one lane open for a midblock work zone, and (5) had the same geometry configuration before 

and after the work zone. Several potential work zone sites that satisfied the criteria were chosen 

originally, and through the field verification process, three work zone plans were selected for this 

study. All three work zone sites are located in Wake County, North Carolina. One of the three 

selected work zones was at the intersection of Tryon Road and Piney Plains Road in Cary and is 

referred to as Work Zone 1. The other two work zones were at one site location, NC 55 

Bypass/Avent Ferry Road in Holly Springs, and were planned as sequential construction. One of 

these work zones is referred to as NC 55 Bypass (Work Zone 2) and the other is a superstreet 

referred to as NC 55 Superstreet (Work Zone 3). Figure 2-2 shows the two locations of the three 

selected work zone sites and Table 2-1 provides a summary of the three work zone plans. 

 

Figure 2-2: Selected work zone locations 
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Table 2-1: Summary of Work Zone Sites 

Name Study Location 
No. of 
Lanes 

Work Zone Type Municipality 
Scheduled 

Date 

Tryon Rd. 
(Work Zone 1) 

Tyron Rd. 
at Piney Plains Rd. 

4 (Median 
Divided) 

Intersection  
       Midblock  
       Crossover  

Cary 
October 

2015 

NC 55 
Bypass 

(Work Zone 2) 

NC 55 Bypass 
at Avent Ferry Rd. 

4 (Median 
Divided) 

Intersection 
      Midblock  

Holly 
Springs 

June 
2016 

NC 55 
Superstreet 

(Work Zone 3) 

NC 55 Bypass 
at Avent Ferry Rd. 

4 (Median 
Divided) 

Intersection  
       Midblock  

Holly 
Springs 

November 
2016 

 

Pilot Data Collection 

Pilot data collection was conducted prior to the main data collection in the field to detect any 

potential problems with the planned approach. To identify the impact of the work zones, data 

were collected under two different scenarios, ‘before work zone vs. under work zone’ and ‘under 

work zone vs. after work zone’. 

The site at the intersection of Tryon Road and Piney Plains Road (Work Zone 1) was chosen for 

pilot data collection because it was under construction and close to completion. This site has a 

two-lane approach, with a total work zone length of 0.7 mile. The saturation flow rates, traffic 

counts, and travel speed data were collected using overhead video cameras and Bluetooth 

devices at the two adjacent points of the intersection. The pilot data collection effort identified 

three factors to consider for the planned data collection: (1) avoid the case of a through-lane 

closure at the intersection because it causes severe congestion at peak times; (2) avoid an unusual 

work zone configuration to simplify the analysis; and (3) use an adequate amount of equipment 

to increase efficiency. 
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Main Data Collection 

The main data collection effort (Work Zones 2 and 3) considered the factors identified in the 

pilot data collection effort (Work Zone 1). While collecting data from Work Zones 2 and 3 over 

a long period, more data loss than expected occurred due to device-related problems. Also, this 

issue led to another issue whereby the times of data collection using one device could not overlap 

the times of the data collection using the other device. In order to ensure accurate assessments in 

this study, only overlapped data were used for data analysis.  

As this analysis is lane-based analysis, the lane composition at intersections needed to be 

defined. Figure 2-3 illustrates the lane definitions used for analysis in this study. 

 

Figure 2-3: Lane definitions used for analysis 

 

Main Data Collection Site 1: NC 55 Bypass 

The NC 55 Bypass at Avent Ferry Rd. site (Work Zone 2) is located in Holly Springs, NC. This 

site had three work zone cases on the southbound major street. Figure 2-4 shows details of the 

work zone configurations for an individual lane. Case 1 and Case 2 both show intersection work 

zones. Both cases have a partial lane closure at the entrance to the exclusive turn lane. Case 3 
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shows a combination of a midblock work zone and an intersection work zone. ‘NWZ’ refers to 

the ‘no work zone’ case. 

 

Figure 2-4: Cases of work zone configurations of lane closures on NC 55 Bypass (Work 
Zone 2) 

Traffic volume data for this Work Zone 2 site were collected using video cameras, and the 

representative traffic volume was calculated. Table 2-2 shows the volume of approaching 

southbound traffic for the NC 55 Bypass Work Zone 2 site. As shown, this site had a low 

percentage of left-turn movement and a high percentage of right-turn movement. 

Table 2-2: Approach Volume on NC 55 Bypass Work Zone 2 (PM Peak Hour) 

Type Left-Turn Lane Through Lane Right-Turn Lane 

Volume 
(no. of vehicles) 

10 1,254 770 

Percentage 
(%) 

0.5  61.7  37.9  
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Main Data Collection Site 2: NC 55 Superstreet 

The NC 55 superstreet site (Work Zone 3) is located at Avent Ferry Rd. in Holly Springs, NC. 

As mentioned, the NC 55 Bypass/Avent Ferry Rd. site is a sequential construction site. This site 

had four work zone cases on the southbound major street. Two cases were excluded from this 

study because they included a full lane through the lane closure. This type of lane closure causes 

significant traffic congestion and requires direct signal retiming. Therefore, the other two work 

zone cases were used in this research. Work Zone 3 did not have left-turn traffic, as the 

intersection shape is a superstreet, but it had a high percentage of right-turn movement. Figure 2-

5 shows details of the work zone configurations for individual lanes. Both Case 1 and Case 2 

have a partial lane closure, but Case 1 also has a midblock work zone on Through-Lane 2.  

 

Figure 2-5: Cases of work zone configurations of lane closures on NC 55 Superstreet (Work 
Zone 3) 

Table 2-3 presents the calculated representative volumes at the NC 55 superstreet Work Zone 3 

site. This site had no left-turn movement, as the original intersection configuration was changed 

to a superstreet. This site also had a high percentage of right-turn movement. 
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Table 2-3: Approach Volume on NC 55 Superstreet Work Zone 3 (PM Peak Hour) 

Type Left-Turn Lane Through Lane Right-Turn Lane 

Volume 
(no. of vehicles) 

0 1,500 1,144 

Percentage 
(%) 

0.0  56.7  43.3  

 

 

2.3.2 Step 2: Data Analysis 

Saturation Flow Rate on NC 55 Bypass (Work Zone 2) 

Table 2-4 presents a brief classification of the work zones and the saturation flow rate for each 

case. Each saturation flow rate per lane is calculated using the following method. First, the 

cumulative headway is calculated from each work zone type's recorded video. Second, a linear 

regression model is developed using the 4th to 10th vehicles’ cumulative headway. Finally, the 

coefficient value represents the headway for each work zone type. Under the ‘no work zone’ 

(NZW) condition, the field-calculated saturation flow rate is around 1,650 vehicles per hour. 

This result is close to the basic saturation flow rate of 1,750 passenger cars per hour per lane in a 

non-metro area, according to HCM 6 [18], which considers the approach grades and percentage 

of heavy vehicles at a site. This value is also similar to the base saturation flow rate used in the 

model developed in earlier research [1]. For Case 1, Though-Lane 1, which is adjacent to the 

exclusive right-turn lane, has a much lower saturation flow rate than the other Through-Lane 2. 

Given the high right-turn volume with the shortened exclusive right-turn pocket, the reduced 

saturation flow rate appears to be reasonable. For Case 2, both Through-Lanes 1 and 2 show a 

similar saturation flow rate, which is close to the NWZ case. Even though the exclusive left-turn 

lane was shortened, it did not impact the saturation flow rate of Through-Lane 2 due to the low 
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left-turn traffic volume. For Case 3, all traffic was required to pass through a single approach 

lane due to the midblock work zone, and vehicles were forced to drive close to the intersection 

due to the shortened exclusive left-turn lane. The saturation flow rate for Through-Lane 1 is 

slightly lower than the NWZ case. Considering the work zone conditions and high approach 

volumes, Through-Lane 1 possibly could experience a blocking effect. 

 
Table 2-4: Summary of Saturation Flow Rates for NC 55 Bypass (Work Zone 2) 

Work 
Zone 

Condition 
Case 

Through 
Lane* 

Saturation 
Headway 
(seconds) 

Saturation 
Flow Rate 
(veh/h/ln) 

Work Zone Configuration 

No 
Lane 

Closure 
NWZ 

Lane 2 2.15 1,672 

 
Lane 1 2.23 1,614 

Lane 
Closure 

Case 
1 

Lane 2 2.17 1,656 

 
Lane 1 3.86 932 

Case 
2 

Lane 2 2.21 1,624 

 
Lane 1 2.19 1,637 

Case 
3 

Lane 2 2.17 1,656 

 
Lane 1 2.28 1,573 

* See Figure 2-3 for lane numbers. Note: NWZ is no work zone. 

Saturation Flow Rate on NC 55 Superstreet (Work Zone 3) 

Table 2-5 presents classifications of the work zone type, saturation flow rate for each lane, and 

details of the work zone configuration for each lane for NC 55 Superstreet Work Zone 3. Case 1 

has a midblock work zone on Through-Lane 2 and an exclusive right-turn lane closure. The 

saturation flow rates for both Through-Lanes 1 and 2 are similar, but the values are lower than 

the NWZ condition. These results are reasonable because of the high intensity of work around 

the midblock. Also, the length of the reduced exclusive right-turn lane is close to that of the 

NWZ case at NC 55 Bypass (Work Zone 2), which is 265 feet. For Case 2, the work zone 



17 
 

configuration is similar to that of Case 1 at NC 55 Bypass (Work Zone 2). This case had a 17% 

reduced exclusive right-turn pocket compared to the NWZ condition. Given the intensity of work 

around the work zone and the reduced exclusive turn lane, these results are reasonable. 

 
Table 2-5: Summary of Saturation Flow Rates for NC 55 Superstreet (Work Zone 3) 

Work 
Zone 

Condition 
Case 

Through 
Lane 

Saturation 
Headway 
(seconds) 

Saturation 
Flow Rate 
(veh/h/ln) 

Work Zone Configurations 

Work 
Zone 
Lane 

Closure 

Case 
1 

Lane 2 2.12 1,465 

 Lane 1 2.47 1,500 

Case 
2 

Lane 2 2.12 1,521 

 Lane 1 4.27 937 

 

2.3.3 Step 3: SIDRA Model Modification 

Tool Selection 

The data analysis results show that the work zone configuration and traffic characteristics impact 

the saturation flow rate for each lane differently. To analyze the effects of a work zone on 

individual lanes, a macro-simulation model was sought for this study that could yield lane-based 

results rather than lane group-based results, as per HCM 6 [18]. Among all the macro-simulation 

tools available, SIDRA INTERSECTION Release 8 [21] is able to provide the necessary 

capabilities. Unlike traditional models that yield aggregate measures for lane groups, SIDRA 

INTERSECTION uses a lane-based model of saturation flow rates, capacity, and lane utilization 

for each traffic lane separately. 

SIDRA Model Modification 

The primary process of the SIDRA model modification for this study began with the entry of 

field observation data required for the simulations. These data included the site geometry, traffic 

characteristics, and signal control data. One of the field data collection sites was selected to 
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calibrate the SIDRA model. The NC 55 Bypass Work Zone 2 site had a high number of data 

collection days for both the NWZ and work zone cases compared to the other two sites and thus 

was used for this purpose. In this study, the SIDRA model was modified using an approach lane 

usage ratio to implement the field lane usage ratio. This study’s model development is based on: 

1) detailed geometric information obtained from site visits and aerial photographs to establish the 

simulated network, (2) collected video data for traffic flow characteristics, and 3) split monitor 

and signal plans for signal control.  

Modified SIDRA Modeling Results 

The NWZ case and Case 1 at the NC 55 Bypass (Work Zone 2) were used for SIDRA model 

modification. Table 2-6 presents a comparison between the field-calculated saturation headway 

results and the simulation results. Figure 2-6 also shows the plots of the saturation flow rate 

obtained from both field-measured data and from SIDRA. Note that the field saturation flow 

rates are reported as the average rates during both the AM and PM peak periods. The average 

field saturation flow rates for the NWZ case and Case 1 were calculated based on observations 

over seven and five days, respectively. In general, with one exception, the saturation flow rates 

from the field and the model are similar, all within approximately 11% to 20% of each other. The 

SIDRA model calculated the saturation flow rate based on the level of the approach volume, 

turning movement ratio, and exclusive pocket length. In this study, Work Zone 2 has a high 

right-turn ratio compared to most intersections. Thus, the SIDRA model calculated a very low 

saturation flow rate for Through-Lane 1 at the PM peak time. Similarly, the distribution of the 

through traffic between the field data and the model data yielded differences of around -4% to 

4% in all cases. Finally, the averaged speed data show that comparable average speeds were 
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obtained in all cases except for Case 1 in the PM peak period. The SIDRA model calculated the 

speed at the same locations as the field-observed data. 

 

Table 2-6: Comparison of Results between Field Data and SIDRA Results at NC 55 Bypass 
(Work Zone 2) 

Peak 
Period 

Field 
Case 

Through-
Lane No. 

SIDRA 
Saturation 
Flow Rate 
(veh/h/ln) 

Field 
Saturation 
Flow Rate 
(veh/h/ln) 

SIDRA 
Through-

Traffic 
Distribution 

Field 
Through-

Traffic 
Distribution 

SIDRA 
Speed 
(mph) 

Field 
Speed 
(mph) 

AM 

NWZ 
 Lane 2 1,631 1,672 50% 54% 

32.7 35.4 
 Lane 1 1,631 1,614 50% 46% 

Case 1 
 Lane 2 1,631 1,656 61% 57% 

32.0 33.0 
 Lane 1 1,034 932 39% 43% 

PM 

NWZ 
 Lane 2 1,675 1,672 62% 60% 

19.7 18.6 
 Lane 1 936 1,614 38% 40% 

Case 1 
 Lane 2 1,675 1,656 67% 68% 

16.9 11.7 
Lane 1 748 932 33% 32% 

Note: NWZ is no work zone. 

 

Figure 2-6: Scatter plot of field-measured and SIDRA saturation flow rates 
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2.3.4 Step 4: Experimental Design 

Because all types of work zones cannot be considered based solely on field data, a generic model 

was developed in this study that can be applied in real field operations. The developed 

experimental design uses a generic model that can be applied in any situation as long as the 

parameters of the model can be measured or estimated in the field. In general, the experimental 

design focuses on key parameters that cover the range of impacts anticipated by the presence of 

work zones. These parameters are (1) the unimpeded through movement (NWZ condition) 

volume-to-capacity (v/c) ratio, (2) the turning movement percentage for the work zone-impeded 

turn lane or pocket, and (3) the turn lane or pocket length of the impeded movement during work 

zone activities. 

Unimpeded Through Movement Volume-to-Capacity Ratio 

Under uncongested traffic conditions, the effect of a work zone can be negligible, with no special 

treatment needed. Therefore, this study opted to analyze the effect of work zones under 

conditions of moderate to heavy levels of traffic volumes. The unimpeded through movement v/c 

was tested at six levels, from 0.5 to 1.0, in increments of 0.1. 

Turning Movement Ratio 

In analyzing the effects of work zone activities on the capacity of exclusive turn lanes, the 

turning movement ratio is a critical factor that may affect the neighboring through-lane capacity 

due to spillback from the pocket to the lane. The turning movement ratio is the ratio of the 

turning volume to the total through volume + turning volume. ‘Turning volume’ refers to the 

number of turning vehicles within the work zone, which is only a single turning direction. For 

the scenario analysis, the turning movement ratio was tested in four increments, from 10% to 

40%, in 10% increments. 



21 
 

Exclusive Turning Movement Pocket Storage 

The exclusive turning movement pocket storage (in vehicles or feet) is a parameter that is 

affected most directly by a work zone due to the partial lane closure. That is, the design length of 

the exclusive turn lane is based on the overall traffic volume as well as the turning movement 

ratio, both of which are varied in the experimental design. The scenario analysis performed in 

this study considered various lengths of the exclusive lane, from 25 ft (which can accommodate 

one vehicle) to 700 feet (which can accommodate up to 28 vehicles). In this analysis, the average 

vehicle spacing at rest was assumed to be 25 feet.  

Model Limitations 

For the experimental design, the scenarios were limited to those that could handle only the most 

common work zone situations anticipated in the field with regard to both the arterial street 

geometry and the work zone set-up. The simulation model also has application limitations: (1) 

the model covers only two through-lane approaches, with single exclusive turn lanes on both 

sides; 2) the work zone activity must be located in a midblock section and/or in an exclusive turn 

lane or pocket; 3) the model does not cover lane closures for either shared or exclusive through-

lanes in the intersection approach (such closures can cause significant capacity drops at the 

intersection, in which case signal retiming should be considered); and 4) the model does not 

cover full lane closures for exclusive turn lanes, although it can handle the effect of very short 

pockets up to and including single-vehicle storage. In all cases, left turn yield-on-green and right 

turn-on-red are not modeled. Those movement capacities are highly dependent on the level of 

oncoming traffic. 
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2.3.5 Step 5: Model Development 

Capacity Reduction Model for Through Movement in Neighboring Lane 

The basic assumption, verified via simulation, is that a short lane affects the adjacent through-

lane when the work zone activity reduces the storage length of the exclusive turn lane. In this 

study, the adjusted saturation flow rate for through movement under work zone conditions 

obtained from SIDRA was normalized by dividing the adjusted rate by the saturation flow rate 

under NWZ conditions. This value represents the normalized saturation flow rate adjustment for 

through movement and is expressed in Equation 1:  

  

𝑓
,

=
𝑠

𝑠
 (1) 

where 

𝑓
,  = adjustment factor for normalized adjusted saturation flow rate for through 

movement, 

𝑠  = adjusted saturation flow rate for through movement under work zone 

conditions, and 

𝑠  = saturation flow rate under no work zone condition. 

 

In the next step, relationships among specific parameters that are thought to explain the 

normalized saturation adjustment factor were explored. The key parameter is the exclusive turn 

pocket queue storage (in feet or vehicles) that is available during the work zone activity. For this 

analysis, the inverse value of the vehicle unit was used for model development. Figure 2-7 shows 

the relationship between the logarithm of the exclusive turning movement pocket storage and the 

logarithm of the normalized adjusted saturation flow rate. In all cases, the unimpeded through 
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movement v/c was fixed at 0.70. This figure includes a range of right turn percentages from 10% 

to 40% in 10% increments. As expected, both a reduction in the turn bay storage capacity and an 

increase in the proportion of turning movements resulted in a drop in the through movement 

saturation flow factor. As an example, as shown in Figure 2-6, if a short turning pocket under 

work zone conditions can accommodate only two vehicles, then ln ( ) = -0.693 on the x-axis. 

Along with a 30% right-turning movement percentage, this result yields normalized ln (𝑠 ) = - 

0.85, or 𝑓 , = 0.43, implying that the short lane has reduced the neighboring through-lane 

movement saturation flow rate by about 57 percent.  

 

Figure 2-7: Scatter plot of normalized saturation flow rate vs. inverse of turn pocket length 
at various turning movement ratios for v/c (i) = 0.7 

Equation 2 expresses the relationship between the normalized adjusted saturation flow rate for 

through movement and the exclusive turning movement pocket storage. 

ln 𝑓
,

= 𝛼 𝑥 + 𝛽 𝑥 + 𝛾  (2) 

Equation 2 can be rewritten as Equation 3. 
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𝑓
,

= 𝑒 ≤ 1.0 (3) 

with 

𝑥 = ln
1

𝑇𝑀𝑃𝑆
  

 

where 

𝑓
,  = normalized factor for adjusted saturation flow rate for through movement, 

𝛼 , 𝛽  = coefficient for function of 𝑥  under v/c (𝑖),  

𝛾  = constant for function of 𝑥  under v/c (𝑖), 

𝑖 = unimpeded through movement v/c (0.5 ≤ 𝑖 ≤ 1.0), 

𝑥  = converted form of exclusive turning movement pocket storage, and 

TMPS = exclusive turning movement pocket storage (in vehicles) (TMPS ≥ 1). 

 

In Equation 3, 𝛼 , 𝛽 , and 𝛾  are parameters that depend on the turning movement ratio for a 

given v/c ratio (𝑖). Figure 2-8 depicts these sensitivities, assuming a fixed v/c (𝑖) of 0.70. 

 

Figure 2-8: Scatter plot of 𝜶𝒊, 𝜷𝒊, 𝒂𝒏𝒅 𝜸𝒊 vs. turning movement ratio for v/c (𝒊) = 0.7 
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Equation 4 presents predictive models for the three parameters. Essentially, each of the three 

parameters (alpha, beta, and gamma) has an equation for each value of the unimpeded through 

movement v/c (𝑖).  

𝛼 = 𝑎 , (𝑥 ) + 𝑏 , (𝑥 ) + 𝑐 , 𝑥 + 𝑑 ,  

𝛽 = 𝑎 , (𝑥 ) + 𝑏 , (𝑥 ) + 𝑐 , 𝑥 + 𝑑 ,  

𝛾 = 𝑎 , (𝑥 ) + 𝑏 , (𝑥 ) + 𝑐 , 𝑥 + 𝑑 ,  

(4) 

with 

𝑥 =
𝑣

(𝑣 + 𝑣 + 𝑣 )
 

 

where 

𝑥  = turning movement ratio, 

𝑣  = turning movement volume within the work zone, 

𝑣 , 𝑣  = through volume for Through-Lanes 1 and 2, 

𝑎 ,  … 𝑐 ,  = coefficient for function of 𝑥  under v/c (𝑖) to obtain alpha, beta, and gamma, 

and 

𝑑 ,  … 𝑑 ,  = constants for function of 𝑥  under v/c (𝑖) to obtain alpha, beta, and gamma. 

 

Table 2-7 shows all coefficients and constants for estimating alpha, beta, and gamma under v/c 

(𝑖). Interpolation is required for intermediate values of (𝑖) because the v/c (𝑖) value in Equation 4 

is a class variable from 0.5 to 1.0 in increments of 0.1.  
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Table 2-7: Capacity Reduction Coefficients for Through Movement Model 

v/c (𝑖) = 0.5 𝑎 𝑏 𝑐 𝑑 

𝛼, 𝑖 -2.800 1.080 0.355 0.006 

𝛽, 𝑖 -9.483 2.000 0.176 0.012 

𝛾, 𝑖 -8.217 -0.440 -1.940 0.005 

v/c (𝑖) = 0.6 𝑎 𝑏 𝑐 𝑑 

𝛼, 𝑖 -1.867 0.750 0.363 0.001 

𝛽, 𝑖 -8.267 1.805 0.281 0.005 

𝛾, 𝑖 -9.883 0.175 -2.074 0.010 

v/c (𝑖) = 0.7 𝑎 𝑏 𝑐 𝑑 

𝛼, 𝑖 -1.217 0.775 0.313 0.004 

𝛽, 𝑖 -2.317 -0.185 0.645 -0.004 

𝛾, 𝑖 3.667 -7.165 -0.812 -0.053 

v/c (𝑖) = 0.8 𝑎 𝑏 𝑐 𝑑 

𝛼, 𝑖 -5.133 1.890 0.246 0.001 

𝛽, 𝑖 -19.183 6.180 0.105 0.007 

𝛾, 𝑖 -13.917 2.130 -2.240 0.012 

v/c (𝑖) = 0.9 𝑎 𝑏 𝑐 𝑑 

𝛼, 𝑖 -1.067 -0.280 0.420 -0.003 

𝛽, 𝑖 -3.767 -2.830 1.159 -0.024 

𝛾, 𝑖 -1.483 -5.785 -1.030 -0.041 

v/c (𝑖) = 1.0 𝑎 𝑏 𝑐 𝑑 

𝛼, 𝑖 -2.217 0.565 0.231 0.001 

𝛽, 𝑖 -10.033 1.550 0.215 0.021 

𝛾, 𝑖 -7.517 -1.590 -1.929 0.005 

 

Equation 5 gives the final adjusted saturation flow rate for through movement. All relevant 

variables are defined in Equations 1 through 4.  

𝑠 = 𝑠 ∙ 𝑓
,

= 𝑠 ∙ 𝑒  
(5) 

 

Model Integration 

The model developed in this research analyzes the effects of work zone activity on an exclusive 

turn lane in which queues spill back to the neighboring through-lane. As not all work zone 

factors could be incorporated in the model development, this study integrated the work zone 
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variables considered in the existing model [1] into the developed model. Equation 6 shows the 

adjusted saturation headway model with the existing model’s work zone factors [1].  

ℎ = 2.04 + 0.136(𝐿𝑊𝐼) + 0.2371(𝐻𝑊𝐼) + 0.211(𝑃𝐶) + 0.112(𝑃𝐿) + 0.003(𝑇𝑃)

+ 0.055(𝐸𝑋) 
(6) 

where 

ℎ  = adjusted saturation headway, 

LWI = low work intensity (0: no, 1: yes), 

HWI = high work intensity (0: no, 1: yes), 

PC = pavement condition (0: normal, 1: milled condition), 

PL = presence of a ledge (0: no, 1: yes), 

TP = turn vehicle percentage, and 

EX = number of exclusive turn lane closures. 

 

The intercept term, 2.04 seconds, defines the default saturation headway, assuming NWZ 

conditions. This headway is similar to the basic saturation flow rate, 1,750 passenger cars per 

hour per lane in non-metro areas in HCM 6 [18]. TP and EX are not considered in the integrated 

model because the model developed in this research can analyze both turning movement 

percentages and partial lane closures. Other variables, including work intensity, pavement 

conditions, and the presence of a ledge, have been incorporated into the model saturation flow 

rate estimates. Equation 7 presents the final integrated model.  

𝑠 =
3600

3600

𝑠 ∙ 𝑒
+ {0.136(𝐿𝑊𝐼) + 0.2371(𝐻𝑊𝐼) + 0.211(𝑃𝐶) + 0.112(𝑃𝐿)}

 
(7) 
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2.4 Analysis and Results 

Model Verification 

In order to verify the estimated outputs of the integrated model, the collected field data from NC 

55 Bypass (Work Zone 2) and NC 55 Superstreet (Work Zone 3), including the work zone 

factors, were input to the developed model. Then, the results obtained from the model were 

compared to the field observations. Table 2-8 shows the work zone locations, work zone cases, 

and work zone configurations used for model validation. 

Table 2-8: Summary of Cases for Model Verification 

Site Case Work Zone Configuration  

NC 55 
Bypass 

(Work Zone 
2) 

NWZ 
 

Case 1 

 

Case 2 
 

Case3 
 

NC 55 
Superstreet 
(Work Zone 

3) 

Case 1 
 

Case 2 
 

Note: NWZ is no work zone. 

Table 2-9 presents the comparison results between the field-measured and integrated model 

saturation flow rates (‘SatFlow’ in the table) for each work zone and case. The table presents two 

types of comparisons; the first compares the results on a per-lane basis and the second compares 

the results based on the entire through-lane group. The lane field saturation flow rate then is 

calculated. The NWZ case at Work Zone 2 shows that the individual lane-based and lane group-

based differences between the field results and model results are under 5% and 3%, respectively. 
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For Case 1, Case 2, and Case 3 at Work Zone 2, the individual lane-based differences are ± 6%, 

except for one individual lane in Case 1. The lane group-based differences are ± 4%, except for 

Case 1. For Case 1 and Case 2 at Work Zone 3, the individual lane-based differences are ± 9%, 

except for one individual lane in Case 2. The lane group-based differences are ± 4 percent. The 

overall validation results show that, for the individual lane-based results, most differences are 

within ± 9% except for two cases. For the lane group-based results, most differences are within ± 

4% except for one case. The reduction in the saturation flow rates according to the work zone 

configuration is reasonable for both the model simulation results and field observations. 

Table 2-9: Comparison of Field and Integrated Model Saturation Flow Rates 

Site Case 
Through 

Lane 

Lane Field 
SatFlow 

(veh/h/ln) 

Lane Model 
SatFlow 

(veh/h/ln) 

% 
Difference 

Field 
SatFlow 
(veh/h) 

Model 
SatFlow 
(veh/h) 

% 
Difference 

Work 
Zone 

2: 
NC 55 
Bypass 

 

NWZ 
Lane 2 1,672 1,682 0.6 % 

3,286 3,364 2.4 % 
Lane 1 1,614 1,681 4.2 % 

Case 
1 

Lane 2 1,656 1,581 -4.5 % 
2,588 2,327 -10.1 % 

Lane 1 932 746 -20.0 % 

Case 
2 

Lane 2 1,624 1,566 -3.6 % 
3,261 3,147 -3.5 % 

Lane 1 1,637 1,581 -3.4 % 

Case 
3 

Lane 2 1,656 1,564 -5.6 % 
3,229 3,145 -2.6 % 

Lane 1 1,573 1,581 0.5 % 

Work 
Zone 

3: 
NC 55 
Super 
Street 

Case 
1 

Lane 2 1,465 1,595 8.9 % 
2,965 3,057 3.1 % 

Lane 1 1,500 1,462 -2.5 % 

Case 
2 

Lane 2 1,521 1,595 4.9 % 
2,458 2,414 -1.8 % 

Lane 1 937 819 -12.6 % 

Note: NWZ is no work zone. 
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2.5 Conclusions 

This research addresses the important need to retime traffic signals in the event of impactful 

work zone activities on urban arterial streets. This work is motivated by the fact that such 

activities can often reduce the signalized intersection throughput, resulting in queues and delays 

that the existing signal timing cannot accommodate. To provide a solution, a saturation flow rate 

reduction model was developed in this study. This research focused strictly on the development 

of a saturation flow rate reduction model that is based on both field observations and simulations 

using the SIDRA 8 signalized intersection model. As the field data could not include all the 

varying conditions that occur from day to day (which makes the verification of models 

challenging when relying solely on empirical observations), gathering additional data from 

simulations was necessary.  

The developed saturation flow rate model is shown to be sensitive to traffic demands, turning 

movement proportions, and short-lane capacity restrictions that are due to work zone activities. 

The saturation flow model was integrated with a previously developed model [1] to account for 

the effects of lane width and pavement conditions. The integrated model results were verified 

against a limited set of field observations of the saturation flow rate, and the comparison results 

are favorable. The developed model is expected to be useful for analysts for both signal retiming 

under work zone conditions and for analysis of operational strategies for work zone operations. 
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Chapter 3. ARTERIAL PROGRESSION SPEED 

3.1 Introduction 

The most common reason for coordinating traffic signals is to provide smooth traffic flow and 

minimize delays while vehicles pass through signalized coordinated intersections. To provide 

better signal coordination, a correct offset is required by using the progression speed to produce 

the maximal bandwidth between intersections. In general, the posted speed limit or another user-

defined speed is considered the progression speed. However, environmental factors can influence 

the progression speed, and using a fixed progression speed under different environmental 

conditions eventually produces an inaccurate offset. Researchers have investigated progression 

methodologies, but have not identified progression speed itself. In this study, progression speed 

is defined as the speed that is affected by geometry conditions and driver behavior, not a constant 

speed. To analyze this phenomenon, vehicle trajectory data derived from simulation tools were 

used in this study due to the lack of real-world observed datasets. Furthermore, in this study, 

micro-simulation was used to simulate various environmental conditions, and the produced 

vehicle trajectory data were employed to determine the progression speed. 

Two simulation platforms were used for data collection. 

1. VISTRO 5: A macro-simulation tool that is used to obtain optimized signal timing 

information. In this tool, predeveloped traffic volume and geometry data are used as basic 

input data, and the tool produces optimized signal timing data, including cycle length, 

splits, phase sequence, and offset.  

2. VISSIM 10: A micro-simulation tool that is used to collect vehicle trajectory data. The 

input and output data obtained from VISTRO are used as input for VISSIM simulations. 

As these simulation tools cannot implement special cases, such as work zone or construction site 

activities, this research focused only on basic geometry conditions. 
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3.2 Literature Review 

Researchers have conducted studies related to signal progression methodology, but the speed that 

represents the progression speed for bandwidth optimization remains unclear. As no model has 

been developed for estimating progression speed, this research focused on the definition of 

progression speed, ways that the current simulation tools define and utilize progression speed, 

and the values that are used for progression speed. 

Progression Speed Definition 

A definition of progression speed can be found in some manuals. For example, the NCHRP 

Report 812 Signal Timing Manual (2nd edition) [22] states: "Progression is the movement of 

users along a designated route in a manner that minimizes stops." The report defines progression 

speed as follows: "The assumed speed for coordination (i.e., the progression speed) may be the 

speed limit, the 85th-percentile speed, or a desired speed set by the practitioner." In the Federal 

Highway Administration (FHWA) Traffic Signal Timing Manual [23], progression speed is 

defined as the "[r]unning speed of the vehicle (often assumed to be the speed limit or an 

estimated progression speed).” 

Progression Methodology 

The research related to progression methodology is classified into subgroups depending on the 

research purpose. Most research has focused on bandwidth optimization in the context of 

network structure [24-30]. This line of research examines ways to optimize bandwidths 

efficiently under extensive network or grid network conditions. Some researchers have studied 

methodologies that can be used for operational policies [31-34]. This line of research optimizes 

bandwidths with the priority on a specific route or ‘origin-destination’. In addition, researchers 

have considered multiple modes for bandwidth optimization [35-40]. Such research examines 
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ways to optimize bandwidths for public transportation, such as buses or trams. Most other studies 

have focused on algorithms for maximizing progression for more general purposes [41-63]. 

Signal Tools 

Some of the widely used macro-simulation tools for signal analysis were reviewed in this study 

to see which speeds are recommended as the progression speed. VISTRO 5’s [63] network 

optimization process provides two method options, a genetic algorithm and a hill-climbing 

algorithm. The tool recommends that users determine a user-defined approach speed rather than 

suggesting a specific speed. The performance index used for VISTRO 5 is defined as the 

weighted sum of the total vehicle delay and the number of intersections where a vehicle must 

stop over all vehicles. TRANSYT7-F [64] provides the same two optimization methods as 

VISTRO 5. However, TRANSYT7-F has users select the performance index variables, including 

delay, progression, stops, fuel consumption, queueing, and throughput. TRANSYT7-F suggests 

that users use the cruising speed or a desired speed that does not include signal delay. Synchro 9 

[65] uses proprietary logic as its optimization method. This tool uses delay as a performance 

measure and describes progression speed as the link speed, which should be a legal safe speed or 

the 50th percentile speed for free-flowing vehicles. Synchro 9 also suggests that users not enter 

measured speeds from floating car data to account for congestion and delay. 

Although macro-simulation tools are available, a micro-simulation tool is needed to investigate 

progression speed changes to extract individual vehicle trajectory data from simulation analysis. 

VISSIM (19) was selected in this study for model development, given its usability among the 

reviewed micro-simulation tools. In order to perform micro-simulation analysis, optimized signal 

timing information is needed. Among the various macro-simulation tools, VISTRO 5 [63] was 

chosen for this study because it is a deterministic transportation analysis tool that can be 
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exported into VISSIM micro-simulations. VISTRO provides signal timing information, 

including cycle length, splits, phase sequence, and offsets. 

Desired Speed Distribution 

The desired speed distribution for simulation analysis also was investigated for this study. The 

Institute of Transportation Engineers Manual of Transportation Engineering Studies [66] 

provides standard deviations for spot speeds, most of which are around 5 mph. Table 3-1 

presents the standard deviations of spot speeds [66]. 

Table 3-1: Standard Deviations of Spot Speeds Used for Sample Size Determination 

Average Standard Deviation 
Traffic Areas Highway Type mph km/h 

Rural 
Two-lane 5.3 8.5 
Four-lane 4.2 6.8 

Intermediate 
Two-lane 5.3 8.5 
Four-lane 5.3 8.5 

Urban 
Two-lane 4.8 7.7 
Four-lane 4.9 7.9 

Rounded value: 5.0 7.0 
 

3.3 Methodology 

This Section 3.3 provides a definition of progression speed and the identification methodology 

used to determine the data collection locations in this study. As collecting individual vehicle 

trajectory data in the field is challenging, simulation analysis was conducted using two different 

tools, VISTRO and VISSIM, for respective purposes. The four steps presented in Figure 3-1 

were followed to investigate progression speed. Determination of the progression speed starts 

with collecting primary data, including traffic volumes and geometry designs from the field. 

Next, various data from the field were analyzed to generate the data that represent only the study 

areas. In addition to generating base data, an experimental design to create scenarios was 

developed in this study. In this step, VISTRO was used to generate the signal information for all 
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the scenarios and VISSIM was used to generate vehicle trajectory data for the next step using the 

given signal information. Via simulation analysis and the experimental design, vehicle trajectory 

data were generated for all the scenarios. The vehicle trajectory data were analyzed to identify 

optimal data collection locations for determining the progression speed. As a final step, the 

methodology was validated in order to determine the extent of the improvement that could be 

gained using the developed progression speed guidelines instead of the conventional method of 

using the posted speed limit.  

 

Figure 3-1: Analysis flow chart for estimating progression speed 
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Definition of Progression Speed 

The concept of progression speed can be found throughout various publications found in the 

literature, such as manuals and reports, but most definitions provided are not altogether clear. For 

example, in most of these publications, progression speed is expressed as multiple types of 

speed, including the cruising speed, desired speed, free-flow speed, the speed limit, and the 85th 

percentile speed. The inconsistency of the recommended speed in the literature eventually causes 

confusion for users. In this study, progression speed is defined in terms of given geometry 

conditions and driver behavior. 

Figure 3-2 shows three analysis segments between two intersections. The progression speed is 

the cruising speed of a vehicle platoon at a mid-segment between the upstream stop-bar (A) and 

the downstream stop-bar (B) that maximizes the progression along an arterial street and 

minimizes delays. The progression speed thus can be obtained via vehicle trajectory data. 

Progression speed does not pertain to the vehicle’s speed when the vehicle is experiencing 

delays, which includes periods of acceleration (Segment 1), deceleration, and queuing (Segment 

3) from the adjacent intersections. Progression speed is not a function of either acceleration or 

deceleration, but can be affected by the segment of free travel (Segment 2) under given geometry 

conditions and by the drivers' behavior between the two intersections.  

 

Figure 3-2: Distribution map of each segment 
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Identification of Data Collection Points 

As an estimation model of progression speed is not currently available, traffic engineers have 

been collecting data from the field. This section presents the methodology for collecting 

progression speed data in the field.    

As progression speed is the representative speed of a vehicle platoon, finding a segment that 

allows the vehicle platoon to travel freely without any interference is necessary. Progression 

speed is not constant for an entire arterial, but will vary because each pair of intersections is 

under different environmental conditions. Figure 3-3 shows vehicle trajectory data between two 

intersections. The vehicle types that are crossing the upstream intersection (A) and downstream 

intersection (B) can be categorized into three types according to the number of stops. 

• Type 1: vehicles passing the two intersections with no stops 

• Type 2: vehicles passing the two intersections with one stop 

• Type 3: vehicles passing the two intersections with two stops 

 

Figure 3-3: Vehicle trajectory data on time-space diagram 
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Figure 3-3 shows all three types of segments. The characteristics of each segment are as follows.  

• Segment 1: The progression speed should not include acceleration delays around the 

upstream intersection (A) while returning to the cruise speed. 

• Segment 2: The progression speed does not include any delays and is affected only by 

traffic and geometry conditions. 

• Segment 3: As the downstream intersection (B) has a queue, the progression speed should 

exclude queue delays, including deceleration from the cruising speed while approaching 

the back of the queue. 

3.3.1 Step 1: Data Collection 

Type of Data and Site Selection  

For this study, various data were collected via traffic counts and aerial photographs to generate 

basic traffic and geometry conditions. The traffic count data were collected for coordinated 

streets in Cary, NC, as provided by the NCDOT. The selected arterial streets are located near 

shopping centers and residential areas to reflect various area characteristics. Figure 3-4 presents 

the selected coordinated streets. 

 

Figure 3-4: Selected arterial streets for data collection 
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Traffic Characteristics 

Figure 3-4 shows the locations where the traffic count data were collected. The data were 

collected from two major coordinated streets in Cary: Tryon Rd. from Cary Parkway to Yates 

Mill Pond Rd., which is an arterial street that passes both residential areas and shopping centers, 

and Walnut St. from Macedonia Rd. to Buck Jones Rd., which passes commercial areas, 

including shopping centers and restaurants. These two coordinated streets encompass twelve 

intersections. The traffic information collected includes: 

 AM/PM peak 15-minute volumes 
 Left-turn / through / right-turn ratios 
 Major street volume / minor street volume ratios 
 Percentage of turning movements 
 Percentage of heavy vehicles 

 

Geometry Characteristics 

Figure 3-4 also shows the locations where geometry data were collected. The geometry 

information was obtained for three major coordinated streets. Two of the roads are located in 

Cary and are the same roadways where the traffic count data were obtained. The third road, 

Western Blvd., is located in Raleigh. The geometry characteristics that correspond to traffic 

volumes were investigated using aerial photographs. The collected data include: 

 Number of lanes for lane groups 
 Length of exclusive turn lanes 
 Distance (spacing) between two intersections 

 

Table 3-2 presents the collected spacing information for the three coordinated streets. Table 3-2 

shows that the distances between the intersections range from a minimum of 800 ft to a 

maximum of 3500 ft, with most between 1100 ft and 1400 feet. The number of lanes is 
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determined according to the level of the lane group volume. In addition, enough length is given 

to the exclusive turn lanes to prevent spillback from turn lanes.  

Table 3-2: Range of Spacing between Intersections on Coordinated Streets (Unit: feet) 

Name City From To Gap 1 Gap 2 Gap 3 Gap 4 Gap 5 Gap 6 

Tryon Rd. Cary 
SE Cary 

Pkwy 
Dillard Dr. 2465 3076 1050 800 1370 3500 

Walnut St. Cary Tryon Rd. Buck Jones Rd. 1645 1950 1130 1620 980 - 

Western 
Blvd. 

Raleigh Kent Rd. Pullen Rd. 1980 1400 1140 1065 2500 - 

 

3.3.2 Step 2: Data Analysis 

To generate basic traffic volume data that can be representative, the averaged data were 

calculated from the traffic count dataset. Table 3-3 presents the characteristics of the traffic 

volumes at the twelve intersections. Note that the percentage of heavy vehicles is the default 

value given by simulation because the dataset suffered data loss, and the differences among the 

available data were considerable.  

Table 3-3: Traffic Volume Distribution 

Major Street Volume / Minor Street Volume 2.844 

Percentage of Turning Movement 
Major Street 16 % 
Minor Street 69 % 

Directional Volume Distribution 
Major Street 

A 60 % 
B 40 % 

Minor Street 
A 70 % 
B 30 % 

Note: A and B represent opposite directions. 

Although representative traffic volume and geometry data were collected from the field, no 

signal information was available under these conditions. Therefore, the macro-simulation tool, 

VISTRO, was used to generate signal timing data using the given traffic volume and geometry 



41 
 

information. Figure 3-5 shows the developed VISTRO network with the given basic intersection 

geometry information and traffic volumes. 

 

Figure 3-5: VISTRO network with developed traffic volumes 

 

The experimental design described in Section 3.3.3 can be repeated by applying different traffic 

volumes and geometry conditions to produce varied optimized signal information. The following 

signal timing information is the result of VISTRO network optimization and is based on the 

developed basic traffic volumes and geometry information obtained by setting the speed limit as 

the progression speed. 

• Cycle length: 70 seconds 
• Effective green time: 32 seconds (for analysis direction) 
• Green-to-cycle ratio: 0.46 
• Volume-to-capacity ratio: 0.89 (downstream intersection) 
• Speed: 45 mph (speed limit) 
• Spacing: 1100 ft 
• Offset: 45 sec 
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3.3.3 Step 3: Experimental Design 

For this research, a strategy was developed to identify the progression speed that can be applied 

in real field operations. The proposed experimental design incorporates various parameters that 

can be used to examine various geometry conditions, as long as the parameters can be captured 

in the field. The key parameters that were selected to provide a range of impacts that can explain 

changes in the progression speed are (1) the posted speed limit between two intersections, (2) the 

queue length from a downstream intersection, and (3) the spacing between two intersections. 

Posted Speed Limit 

A driver's behavior can differ in different environments. For example, the driver's speed will 

vary with different speed limits. Therefore, the effect of the posted speed limit was analyzed in 

this study. If the posted speed limit becomes higher, then the speed of the passing vehicle platoon 

is expected to be faster than at a lower speed limit. Considering the area/environment and the 

function of the roadway, the speed limit was categorized into three speeds for this study. First, 

because a low speed limit is commonly found in central areas of a city or in a town area, 35 mph 

is considered the low speed limit. Second, the most common speed limit for an arterial street is 

45 mph and is found near residential and commercial areas. Third, 55 mph, commonly found in 

inter-regional roads that connect cities or towns in peripheral areas, is considered as the high 

speed limit in this study. Therefore, the speed limit was tested at these three levels, i.e., from 35 

mph to 55 mph in increments of 10 mph. Higher or lower speed limits outside this range were 

not considered as those cases are not as common as the three selected speed limits. 

Queue Length from Downstream Intersection  

Under different traffic conditions, the length of the queue at the downstream intersection will 

change. An increased queue length may affect the data collection points for collecting 
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progression speed data and driver behavior data if the distance from the upstream intersection to 

the end of the queue is especially short. To simulate the various queue lengths downstream, the 

volume and cycle length were increased while keeping the optimal v/c ratio at 0.9 during the 

peak period. The cycle length was tested at five levels, from 60 seconds to 180 seconds in 

increments of 30 seconds. 

Spacing between Intersections 

For different lengths of spacing between two intersections, driving behavior could differ if the 

driving distance under free travel is short due to a long queue. However, the spacing investigated 

as part of the data collection process does not include extremely short spacing. In some cases, the 

spacing is less than 800 ft with a low speed limit (35 mph). For example, the spacing in 

downtown Raleigh is around 500 feet. Nonetheless, the collected dataset contains many cases 

where the spacing is more than 3000 feet. In general, an isolated intersection is recommended if 

the spacing is more than 0.5 mile in length. Therefore, up to 2600 ft was considered for this 

study. Considering all conditions, eight different spacing sets, from 500 ft to 2600 ft in 

increments of 300 ft, were tested. Because no recommended guidelines are available for 

intersection spacing that corresponds to a speed limit, all the spacing ranges were applied for 

each of the three speed limits. Thus, the total number of designed scenarios that consider all the 

parameters is 120 scenarios, as presented in Table 3-4. 

Table 3-4: Scenario Configuration 

Total 
Scenarios 

Speed Limit 
(mph) 

Cycle Length 
(seconds) 

Spacing 
(feet) 

120 35 / 45/ 55 60 / 90 / 120 / 150/ 180 
500 / 800 / 1100 / 1400 

1700 / 2000 / 2300 / 2600 
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Two-step Scenario Analysis 

To analyze each designed scenario, new traffic volumes were required to maintain the same 

critical v/c = 0.9 for different cycle lengths. Because the number of designed cycle lengths is 

five, the base traffic volume was converted to new traffic volumes that correspond to each cycle 

length. Table 3-5 shows the traffic volumes used in the VISSIM simulation analysis. This study 

focused on the eastbound (EB) movement, which moves from upstream to downstream for 

progression speed analysis. 

Table 3-5: Traffic Volume for Each Cycle Length 

Cycle Length 
(sec) 

NB 
(Up) 

SB 
(Up) 

EB 
(Up) 

NB 
(Down) 

SB 
(Down) 

WB 
(Down) 

60 652 275 1,582 706 298 1,141 
90 706 299 1,714 764 323 1,237 

120 732 310 1,780 793 336 1,284 
150 751 318 1,824 813 344 1,316 
180 761 322 1,845 823 348 1,332 

 

The scenario analysis was performed in two stages using the two different analysis tools, 

respectively. First, VISTRO was used in the first stage of analysis to enter the VISSIM analysis 

data. In this stage, network optimization was performed using the given speed limit(s), and all 

information related to the signal was extracted, which includes signal cycle length, split, 

sequence, and offset. One-way progression was used for network optimization. In addition, a 

consistent fixed signal sequence was used for the minor streets because the minor streets do not 

impact the major street signal sequence. In the second analysis stage, vehicle trajectory data were 

obtained via micro-simulation analysis to find the progression speed. All the input data were the 

same in the VISSIM analysis as in the VISTRO analysis. Thirty simulations were run for each 

scenario, and each run included fifteen minutes of warm-up followed by one hour of data 
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analysis. Note that the initial fifteen minutes of data were not used for analysis. In other words, 

each scenario represents 30 days of run-time for peak hours. Finally, vehicle trajectory data were 

extracted for each scenario to identify the progression speed. 

3.3.4 Step 4: Strategy Development 

This study focused on finding the progression speed, not on developing a model. Because a 

generalized model is not available, nor has methodology been established for this objective to 

determine progression speed, Step 4 is expressed as strategy development. 

Identification of Data Collection Points 

Figure 3-6 shows that, in order to calculate the progression speed using the vehicle trajectory 

data obtained from the simulation analysis, the travel speed in the free travel segment (where no 

delays are permitted) should be measured. However, because no information is available about 

the start point C and the endpoint D, the data collection points must be identified. Start point C, 

which reaches the progression speed, is most affected by the posted speed limit. In other words, 

this segment is the required distance that vehicles that are stopped at the upstream intersection 

must travel to reach the progression speed. Endpoint D is where drivers are affected by the queue 

that is created at the downstream intersection. In other words, endpoint D is where the first 

platoon of vehicles starts decelerating as soon as drivers see the queue formed ahead in order to 

join the end of the queue. The segment that can be used to determine the progression speed is the 

segment in which the average speed increases to the top speed and then begins to decrease. 
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Figure 3-6: Schematic of data collection points for progression speed 

 

The coordinated intersections target the through movement on the major street; thus, the vehicle 

trajectory data for this through movement were extracted from the simulation results. In order to 

calculate the mean speed in the spacings, two reference points are required. Based on the vehicle 

travel speed, 200 ft was set as the base unit of the segment. For each scenario, the vehicle 

trajectories for the through movements were classified into 200-ft segments from the upstream 

intersection to the downstream intersection, and the space mean speed thus was calculated for 

each segment.  

Twenty-four scenarios, classified into three sets of eight groups based on the selected speed limit 

and cycle length, are discussed in this chapter in order to interpret the results. Each set includes 

eight spacings (500 ft, 800 ft, 1100 ft, 1400 ft, 1700 ft, 2000 ft, 2300 ft, and 2600 ft). 

Specifically, Figures 3-7 and 3-8 present results for 35 mph and 60-sec cycles, Figures 3-9 and 3-

10 present results for 45 mph and 120-sec cycles, and Figures 3-11 and 3-12 present results for 

55 mph and 180-sec cycles. Figure 3.13 provides a summary of all three pairs of scenarios. 

Appendix A presents data for the remainder of the scenarios. 

Figures 3-7 and 3-8 show the scenarios where the speed limit is 35 mph and the cycle is 60 sec, 

which represent scenarios that readily can be found in downtown areas. Figure 3-7 presents eight 
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scenarios to represent eight spacings in 300-ft increments from 500 ft to 2600 feet. Each scenario 

is represented by a different color. The horizontal axis represents the 200-ft sliced sub-segment. 

Each dot represents the average travel speed for each 200-ft segment. Figure 3-7 shows the 

average travel speed of the through movement for each segment and that the average travel speed 

changes for each segment. Specifically, Figure 3-7 shows that the average travel speed of 

vehicles starting from the upstream intersection changes as the platoon passes through each 200-

ft segment. In some segments, the travel speed did not change significantly, whereas in other 

segments the speed decreased sharply after passing a certain segment. Figure 3-8 also presents 

the average travel speed for each 200-ft segment and highlights in yellow the segments where the 

vehicle platoon reaches the maximum average travel speed. This highlighted 200-ft segment is 

the location at which the progression speed data, as defined in this study, could be collected. In 

scenarios with more than 1100 feet of intersection spacing, vehicles reach the top speed in the 

second segment, from 200 ft to 400 feet. The scenarios that are less than 800 ft of intersection 

spacing show the highest average speed as soon as the vehicle platoon passes the upstream 

intersection. In general, the average travel speed tends to decrease as the vehicle platoon 

approaches the queue at the downstream intersection.  
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Figure 3-7: Average travel speed for each segment (speed limit: 35 mph / cycle length: 60 
sec) 

 

Figure 3-8: Maximum average travel speed (speed limit: 35 mph / cycle length: 60 sec) 
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Figures 3-9 and 3-10 present scenarios that are the most common in arterial streets where the 

speed limit is 45 mph and the cycle is 120 seconds. These scenarios show similar speed changes 

as those shown for 35 mph. However, one noticeable point in Figure 3-9 indicates that the 

decreasing average travel speed rebounds just before reaching the downstream intersection. This 

phenomenon would occur if the signal discharges the queue at the downstream intersection such 

that the speed of the approaching vehicle platoon would accelerate to pass the intersection. 

Figure 3-10 also shows the maximum speed in the second 200-ft segment for scenarios where the 

intersection spacing is more than 1400 feet. For the spacing of 800 ft to 1100 ft, the average 

speed is highest in the first segment, but the 500-ft scenario shows the maximum speed when the 

vehicle platoon is closer to the downstream intersection than the upstream intersection as the 

queue ahead is discharged. 
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Figure 3-9: Average travel speed for each segment (speed limit: 45 mph / cycle length: 120 
sec) 

 

 

Figure 3-10: Maximum average travel speed (speed limit: 45 mph / cycle length: 120 sec) 
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Figures 3-11 and 3-12 present scenarios for the speed limit of 55 mph and cycle of 180 seconds, 

which represents conditions for a type of road found mainly in peripheral areas of towns. The 

average travel speed change pattern is similar to that for 45 mph, but the gap between the 

maximum and minimum average speeds is the largest among the three groups. Figure 3-11 

shows that the locations for the maximum average travel speed 200-ft segment observed for the 

other two groups are maintained when the intersection spacing reaches certain distances, but the 

maximum speed segment for 55 mph keeps changing as the intersection spacing changes. Figure 

3-12 shows that the maximum speed segment is just before the downstream intersection in the 

scenario where the intersection spacing is less than 1100 feet. For spacings more than 1400 ft, 

the segment of the maximum average travel speed gradually changes from the upstream 

intersection to the downstream intersection as the intersection spacing increases. It is reasonable 

to expect a longer driving distance to reach the maximum speed at the high speed limit. 
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Figure 3-11: Average travel speed for each segment (speed limit: 55 mph / cycle length: 180 
sec) 

 

 

Figure 3-12: Maximum average travel speed (speed limit: 55 mph / cycle length: 180 sec) 
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Figure 3-13 presents the combined results for all 120 scenarios. This figure can serve as 

guidelines for the recommended locations where the maximum average travel speed data can be 

collected. That is, these guidelines indicate the most suitable segment for collecting progression 

speed data for each scenario. Figure 3-13 is divided into three guidelines according to the three 

speed limits, respectively. Each guideline indicates the segment from which data should be 

collected, with the given intersection spacing and cycle time. For example, suppose a user 

analyzes an area where the spacing between intersections is 2300 ft with a speed limit of 55 mph. 

This coordinated intersection has cycles of 120 sec, and the user would like to know where 

progression speed data can be collected between two intersections. The user would select the 

third guideline (speed limit of 55 mph) and intersection spacing on the x-axis. In the next step, 

the user selects a segment that contains the cycle time of 120 seconds. As a result, the 

progression speed data should be collected from 800 ft to 1000 ft between intersections. Note 

that data for the progression speeds of 35 mph and 45 mph can be collected in the first and 

second segments, depending on the cycle time. However, at 55 mph, as the spacing between 

intersections increases, the data collection location gradually moves from upstream to 

downstream. For some scenarios, the progression speed data should be collected from the 

downstream intersection rather than the upstream intersection because of the queue discharge 

effect at the downstream intersection. Because the v/c of critical movement is set at 0.9 for all 

scenarios, it is reasonable that the data collection location shifts to the upstream intersection 

under the same conditions as the cycle time increases.  
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Figure 3-13: Guidelines for data collection locations to obtain progression speed data 

500 800 1100 1400 1700 2000 2300 2600
0 - 200 60 60-120 90-180 120-180 150-180

200 - 400 90-180 150-180 60 60-90 60-120 60-180 60-180 60-180
400 - 600
600 - 800
800 - 1000

1000 - 1200
1200 - 1400
1400 - 1600
1600 - 1800
1800 - 2000
2000 - 2200
2200 - 2400

500 800 1100 1400 1700 2000 2300 2600
0 - 200 90-120 120-180

200 - 400 60-180 60-90 60-180 60-180 60-180 60-180 60-180
400 - 600 60, 150-180
600 - 800
800 - 1000

1000 - 1200
1200 - 1400
1400 - 1600
1600 - 1800
1800 - 2000
2000 - 2200
2200 - 2400

500 800 1100 1400 1700 2000 2300 2600
0 - 200 150

200 - 400 60-180 60 60-120 120-180 150-180
400 - 600 90-180 60-90 120 150-180
600 - 800 60-90 120 180
800 - 1000 180 60-90 120-150 120-180

1000 - 1200 60-90 60-90
1200 - 1400
1400 - 1600
1600 - 1800
1800 - 2000
2000 - 2200
2200 - 2400

Segment
(ft)

Segment
(ft)

Spacing (ft)

Spacing (ft)

Spacing (ft)

Segment
(ft)

Speed Limit
35 mph

Speed Limit
45 mph

Speed Limit
55 mph
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3.4 Analysis and Results 

Validation 

In Section 3.3.4, the recommended progression speed was identified and the optimal location 

was found for collecting progression speed data for each presented scenario. In order to verify 

the effectiveness of any improvements to the methodology whereby the speed limit is replaced 

with the progression speed, the validation process incorporated a comparison of two successive 

sets in each of three groups, referred to here as Group A, Group B, and Group C. Figure 3-14 

presents the validation framework, which includes the analysis process described in Section 3.3.3 

for better understanding. Group A is the analysis process described in Section 3.3.3 that 

calculates the offset using the speed limit, and simulation analysis is performed using the given 

offset. Group B follows the same analysis process as Group A, but uses the estimated 

progression speed described in Section 3.3.4 instead of the speed limit for calculating the 

adjusted offset. The measurements collected from each group (Group A and Group B) were 

compared to determine the extent of improvement in terms of mitigating traffic delays and 

number of stops when using progression speed instead of the speed limit for signal timing. 

Because the progression speed depends on the queue length, the adjusted offset determined by 

the estimated progression speed could have different queue lengths. Therefore, the progression 

speed must be re-estimated repeatedly until the measurements converge to the most improved 

state. This additional procedure should be performed if the scenario requires offset changes. 

Group C shows the additional re-estimation procedure for the offset changes in which the 

measurements are compared to those of Group B and the calculations are repeated until the 

results converge.   
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Figure 3-14: Validation framework 

. 
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Measurements Comparison 

In this Section 3.4, similar criteria as those used in Section 3.3.4 for average travel speed analysis 

are used, but these criteria more realistically reflect the intersection spacings. Short spacings are 

considered at the low speed limit (35 mph) and long spacings are considered at the high speed 

limit (55 mph). Mid-range spacings are considered at the middle speed limit (45 mph), and the 

spacings partially overlap with both short and long spacings. Given these conditions, 10 of 24 

verification results were analyzed intensively. Table 3-6 presents the ten scenarios selected for 

the validation process; Appendix B presents the rest of the comparison results.  

Table 3-6: Selected Scenarios for Validation 

Speed Limit Cycle Time Spacing 
Number of 
Scenarios 

35 mph 60 sec 500 ft – 1100 ft 3 

45 mph 120 sec 1100 ft – 2000 ft 4 

55 mph 180 sec 2000 ft – 2600 ft 3 

 

In order to detect improvement in the progression of vehicle platoons, three different 

measurement types were employed in this study for the validation process: stopped delays, 

number of stops, and vehicle delays. Each measurement is the average value of 30 simulation 

runs for each scenario. 

 

‘Stopped delay’ is defined as the average stopped delay per vehicle in seconds. It does not 

include any public transit stops or stops at/in parking lots. Figure 3-15 presents a comparison of 

the speed limit vs. progression speed results for stopped delays at the downstream intersections. 

The comparison results show the most significant improvement at the 35 mph speed limit, with 
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at least 11% to a maximum of 45% reduction in stopped delays. The speed limits at 45 mph and 

55 mph show improvement of 5% ~ 8% and 4% ~ 6%, respectively. 

 

Figure 3-15: Comparison of speed limit vs. progression speed results for stopped delays at 
downstream intersections 

 
 
‘Number of stops’ is defined as the average number of stops per vehicle, without stops at public 

transit stops or parking lots. Figure 3-16 presents a comparison of the speed limit vs. progression 

speed results for number of stops at the downstream intersections. Like the stopped delay results, 

the number of stops results also show the most improvement when the speed limit is 35 mph. 

The number of stops decreased from a minimum of 8% to a maximum of 48%; however, the 45 

mph and 55 mph comparison results show no significant change in most cases, although a 4% ~ 

5% reduction can be observed in some cases at 45 mph.   
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Figure 3-16: Comparison of speed limit vs. progression speed results for number of stops at 
downstream intersections 

 

‘Vehicle delay’ is defined as the average delay of all the vehicles in the given simulation time. 

The delay of a vehicle is obtained by subtracting the ideal travel time from the actual travel time. 

The ideal travel time is the travel time that could be achieved if no other vehicles and no signal 

controls or other reasons for stops are present. As the travel time obtained from the simulations 

includes upstream travel time, vehicle delay was used in this study instead of overall travel time. 

Figure 3-17 presents a comparison of the speed limit vs. progression speed results for vehicle 

delays at the downstream intersections. The improvement, up to 41% reduction in vehicle delay, 

is the greatest at 35 mph. At 45 mph and 55 mph, the improvement is 1% ~ 2% and 1% ~ 3% 

reductions in vehicle delay, respectively. 
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Figure 3-17: Comparison of speed limit vs. progression speed results for vehicle delays at 
downstream intersections 

 

Convergence Check 

The same 24 scenarios were chosen to investigate the need to re-estimate progression speed due 

to changes in queue length. Figure 3-18 shows the travel time difference between Group B and 

Group C. This difference is calculated using the estimated progression speed and re-estimated 

progression speed for each group, and the given driving distance. Once the absolute value given 

in the figure is higher than 1, the offset will be changed. As the calculation includes one decimal 

place, each value was rounded. Among the 24 scenarios, five scenarios were selected for the 

additional analysis because these scenarios require offset changes. However, due to the internal 

calculation process, VISTRO determined that four of the scenarios have offset changes. The 

values shown in yellow in Figure 3-18 indicate the scenarios that have the same data collection 
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location, but the two cells shown in white indicate the scenarios where the data collection 

locations have changed. Note that short spacings are likely to require offset changes and the data 

collection location would change accordingly. As the speed limit increases, the range gradually 

expands. 

 

Figure 3-18: Travel time difference between Group B and Group C 

 

Figures 3-19, 3-20, and 3-21 present comparison results for four selected cases (Cases 1, 23, 30, 

and 45) for three measurements (stopped delay, number of stops, and vehicle delay), 

respectively. For Cases 1 and 45, most of the measurements reflect worsened conditions (in 

terms of the three measurements) or no change. Case 30 shows improvement in terms of delays, 

but the number of stops has increased. Case 23 shows improvement for all three types of 

measurements, but some of the measurements based on progression speed are worse than the 

results based on speed limit. For these reasons, additional re-estimation is not considered 

necessary. 
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Figure 3-19: Comparison of results for speed limit vs. estimated progression speed and vs. 
re-estimated progression speed for stopped delays at downstream intersections 

 

Figure 3-20: Comparison of results for speed limit vs. estimated progression speed and vs. 
re-estimated progression speed for number of stops at downstream intersections 
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Figure 3-21: Comparison of results for speed limit vs. estimated progression speed and vs. 
re-estimated progression speed for vehicle delays at downstream intersections 

 

3.5 Conclusions 

In this Chapter 3, progression speed is introduced as a key factor for signal optimization. 

As research related to progression speed is scant and the term ‘progression speed’ is often vague, 

traffic engineers typically use the posted speed limit for signal bandwidth optimization. 

However, as the posted speed limit does not necessarily correlate with the progression speed of 

through traffic, traffic engineers must undertake additional on-site signal retiming work. To 

increase efficiency, this study sought to determine the correct progression speed. As such, this 

research provides a progression speed definition and guidelines for determining the progression 

speed. Two simulation tools were used to generate vehicle trajectory data and to develop a 
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strategy for determining the progression speed. As a final product, user-friendly guidelines that 

can be used in the field were developed and validated.  

Progression speed is shown to be sensitive to geometry and control conditions, such as the speed 

limit and spacing between intersections. The comparison results show that considerable 

improvements are gained mostly for 35 mph scenarios, and cases where the improvement is 

insignificant are at a higher speed limit. These results are reasonable, as the significant difference 

between the posted speed limit and the investigated progression speed would produce more 

changes in terms of the adjusted offset. Note that even a small difference between the speed limit 

and the progression speed under ideal conditions led to improvement in this study. In other 

words, conditions that may impact the driver’s behavior, such as narrow roadways or the 

presence of a shoulder, would produce even more significant improvement effects on the 

measurements. 

One limitation of the current study is that it does not include any adjustment for queue discharge. 

Depending on the progression speed, intersection spacing, offset, and the queue ahead, vehicle 

delays and/or number of stops would increase slightly in some cases. This limitation should be 

considered in future analyses. Once adjustments for queue discharge are applied to the current 

strategy, greater improvements would be expected. 
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Chapter 4. CONCLUSIONS AND FUTURE RESEARCH 

This research effort incorporated field data collection and simulation analysis to investigate 

coordinated arterial streets, specifically in terms of work zone capacity and progression speed 

changes. The ultimate goals are two-fold: (1) to develop an arterial work zone capacity model 

and (2) to investigate basic progression speed to improve the efficiency of through traffic.  

4.1 Research Contributions  

Work Zone Capacity Model Development 

The literature on work zone modeling reveals that numerous investigations into the effects of 

work zone capacity for freeways have been undertaken, but research on arterial streets is 

relatively scarce. Currently available arterial work zone models were used to analyze the effects 

of work zone activities, geometry conditions, and work zone capacity. Some studies suggest a 

single capacity value for a specific work zone type based on field survey results or a model via 

simulation analysis, without considering field data. In other studies, consideration of various 

traffic environments was challenging, as the factors applied to the model were too simplistic. The 

limitations of the current models available in the literature motivated the need for additional 

research. 

To address this gap in the literature, this research focused on the effects of partial lane closures 

on exclusive turn lanes according to the level of approaching traffic volumes, factors which were 

not considered in earlier research. To increase model reliability, an improved arterial work zone 

capacity model was developed in this study that takes into consideration both field data and 

simulation analysis. The developed saturation flow rate model is shown to be sensitive to traffic 

demands, turning movement proportions, and short-lane capacity restrictions that are due to work 

zone activities. The results show that negative effects on the adjacent through-lane are negligible 
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when the turning movement volume is low and the storage capacity of the partially closed 

exclusive turn lane is sufficient. On the other hand, the adjacent through-lane is significantly and 

negatively affected, in terms of its capacity, when the turning movement volume is high and the 

storage capacity of the exclusive turn lane is insufficient due to the presence of a work zone.  

Five work zone cases with field data were used for model validation. The overall validation 

results show that most differences in the saturation flow rates between the field data and the 

model results are within ± 9% for the individual lane-based results and within ± 4% for the lane 

group-based results. The amount of reduction in the saturation flow rates, depending on the work 

zone type, is comparable between the field and simulation results. The correlation between the 

shortened exclusive turn lane due to the presence of a work zone and the approaching turning 

movement volume explains the capacity reduction of the adjacent through movement lane. 

Progression Speed Estimation 

The literature offers studies that have investigated signal optimization methodologies whose 

objective is to maximize progression at coordinated intersections. These studies have focused on 

coordinated network size and structure, policy priorities such as the primary movement path, 

multimodal signal optimization, and various mathematical algorithms. However, research into 

ways to select the progression speed itself is lacking. In addition, because the definition of 

‘progression speed’ is inconsistent and vague, traffic engineers have mainly used the posted 

speed limit as the progression speed, but this approach requires additional scrutiny. 

To address this issue, a comprehensive definition of progression speed and a strategy to 

determine progression speed in the field were developed in this study. The results indicate that a 

‘true’ progression speed is sensitive to geometry and controlled conditions, such as the speed 

limit, intersection spacing, and the prevailing cycle length. All the results from this analysis 
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apply to conditions where the through v/c ratio is 0.90, which is typically the target design for 

signalized intersections. The simulation analysis results show that, at the speed limits of 35 mph 

and 45 mph, progression speed data can be collected at a location close to the upstream 

intersection, regardless of the intersection spacing. At a speed limit of 55 mph, the optimal data 

collection location is shown to move gradually closer to the downstream intersection as the 

intersection spacing increases. Overall, collecting progression speed data near the downstream 

intersection is recommended if the spacing between intersections is less than 1100 ft, considering 

the queue discharge. In addition, the progression speed was found to increase gradually as the 

spacing between intersections becomes longer. The reduction in the rate of the progression speed 

compared to that for the speed limit is 27% ~ 44% at 500-ft spacing and 5% ~ 7% at 2600-ft 

spacing. In general, the progression speed does not vary when the intersection spacing is longer 

than 1700 feet. The validation results show that the offset generated using the proposed 

progression speed can reduce delays compared to the traditional offset that is generated using the 

posted speed limit. Three measurements (stopped delay, number of stops, and vehicle delay) 

were validated herein, and the greatest improvement (reduction in delays) was achieved at the 

posted speed limit of 35 mph. Considering the relationships among speed limit, intersection 

spacing, and queue length, the developed guidelines can reasonably capture data collection 

locations and progression speed. 

 

4.2 Future Research 

The limitations of this research are listed in the following two sections, which respectively 

discuss the two interrelated goals of this research. Future research is proposed to focus on the 

recommendations provided in these sections. 
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Work Zone Capacity Model Development 

1. The developed model considers most common geometric conditions that encompass two-

lane approaches and a single exclusive turn lane. The model assumes that a shortened 

exclusive turn lane affects only the adjacent through-lane. For this reason, additional 

research is required to determine whether an exclusive turn lane would affect through-

lanes other than the adjacent through-lane in the case of multiple approach lanes. In 

addition, the effect of multiple exclusive turn lanes needs further investigation. 

2. The developed model focuses on the effects of work zone activities on exclusive turn 

lanes, but the model does not consider cases where work zone activities are on the 

though-lanes at an intersection. If those activities are present on shared or through-lanes, 

then those closures can cause significant capacity drops at the intersection. Thus, further 

research is recommended to examine the effect of work zones on intersection through-

lanes.  

3. This research focused on the effect of work zones at intersections and did not consider 

work zone activities located midblock between intersections. At present, research into the 

effects of midblock work zones is somewhat lacking and, thus, additional research into 

the effects of work zones both at midblock and the downstream intersection is 

recommended. 

Progression Speed Estimation 

1. The optimized offsets used in this research are a product of one-way progression. 

However, the bandwidth given to each direction will differ depending on directional 

traffic conditions and policies. Future research needs to consider two-way progression to 

provide optimized offsets.  
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2. This research recommends using the developed guidelines to identify field data collection 

points where progression speed should be measured. Further field studies should 

investigate additional environmental factors that cannot be reflected in simulation 

analysis. Future research can build on the guidelines developed in this study to develop a 

robust mathematical model for the determination of progression speed.   
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A. Progression Speed Analysis for Each Scenario 

 

Figure A-1: Average travel speed for each segment (speed limit: 35 mph / cycle length: 60 
sec) 

 

Figure A-2: Maximum average travel speed (speed limit: 35 mph / cycle length: 60 sec) 
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Figure A-3: Average travel speed for each segment (speed limit: 35 mph / cycle length: 90 
sec) 

 

Figure A-4: Maximum average travel speed (speed limit: 35 mph / cycle length: 90 sec) 
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Figure A-5: Average travel speed for each segment (speed limit: 35 mph / cycle length: 120 
sec) 

 

Figure A-6: Maximum average travel speed (speed limit: 35 mph / cycle length: 120 sec) 
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Figure A-7: Average travel speed for each segment (speed limit: 35 mph / cycle length: 150 
sec) 

 

Figure A-8: Maximum average travel speed (speed limit: 35 mph / cycle length: 150 sec) 
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Figure A-9: Average travel speed for each segment (speed limit: 35 mph / cycle length: 180 
sec) 

 

Figure A-10: Maximum average travel speed (speed limit: 35 mph / cycle length: 180 sec) 
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Figure A-11: Average travel speed for each segment (speed limit: 45 mph / cycle length: 60 
sec) 

 

Figure A-12: Maximum average travel speed (speed limit: 45 mph / cycle length: 60 sec) 
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Figure A-13: Average travel speed for each segment (speed limit: 45 mph / cycle length: 90 
sec) 

 

Figure A-14: Maximum average travel speed (speed limit: 45 mph / cycle length: 90 sec) 
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Figure A-15: Average travel speed for each segment (speed limit: 45 mph / cycle length: 
120 sec) 

 

Figure A-16: Maximum average travel speed (speed limit: 45 mph / cycle length: 120 sec) 
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Figure A-17: Average travel speed for each segment (speed limit: 45 mph / cycle length: 
150 sec) 

 

Figure A-18: Maximum average travel speed (speed limit: 45 mph / cycle length: 150 sec) 
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Figure A-19: Average travel speed for each segment (speed limit: 45 mph / cycle length: 
180 sec) 

 

Figure A-20: Maximum average travel speed (speed limit: 45 mph / cycle length: 180 sec) 
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Figure A-21: Average travel speed for each segment (speed limit: 55 mph / cycle length: 60 
sec) 

 

Figure A-22: Maximum average travel speed (speed limit: 55 mph / cycle length: 60 sec) 
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Figure A-23: Average travel speed for each segment (speed limit: 55 mph / cycle length: 90 
sec) 

 

Figure A-24: Maximum average travel speed (speed limit: 55 mph / cycle length: 90 sec) 
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Figure A-25: Average travel speed for each segment (speed limit: 55 mph / cycle length: 
120 sec) 

 

Figure A-26: Maximum average travel speed (speed limit: 55 mph / cycle length: 120 sec) 
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Figure A-27: Average travel speed for each segment (speed limit: 55 mph / cycle length: 
150 sec) 

 

Figure A-28: Maximum average travel speed (speed limit: 55 mph / cycle length: 150 sec) 
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Figure A-29: Average travel speed for each segment (speed limit: 55 mph / cycle length: 
180 sec) 

 

Figure A-30: Maximum average travel speed (speed limit: 55 mph / cycle length: 180 sec) 
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B. Progression Speed Validation Results 

 

Figure B-1: Comparison of speed limit vs. progression speed results for stopped delays at 
downstream (35 mph / 60 sec) 

 

Figure B-2: Comparison of speed limit vs. progression speed results for stopped delays at 
downstream (45 mph / 120 sec) 
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Figure B-3: Comparison of speed limit vs. progression speed results for stopped delays at 
downstream (55 mph / 180 sec) 

 

 

Figure B-4: Comparison of speed limit vs. progression speed results for number of stops at 
downstream intersections (35 mph / 60 sec) 
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Figure B-5: Comparison of speed limit vs. progression speed results for number of stops at 
downstream intersections (45 mph / 120 sec) 

 

Figure B-6: Comparison of speed limit vs. progression speed results for number of stops at 
downstream intersections (55 mph / 180 sec) 
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Figure B-7: Comparison of speed limit vs. progression speed results for vehicle delays at 
downstream intersections (35 mph / 60 sec) 

 

Figure B-8: Comparison of speed limit vs. progression speed results for vehicle delays at 
downstream intersections (45 mph / 120 sec) 
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Figure B-9: Comparison of speed limit vs. progression speed results for vehicle delays at 
downstream intersections (55 mph / 180 sec) 

 

 


