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ABSTRACT 

Freeway incident management has become an important issue in departments of trans- 
portation nationwide. With many of the nation's roadways operating very close to capacity 
under the best of conditions, the need to reduce the impact of incident-related congestion has 
become critical. One way to achieve this reduction is to improve the management of traffic after 
an incident has occurred, including the use of traffic diversion strategies. Very often, however, 
diversion strategies are employed without proper consideration given to the effect of such a 

strategy on the alternate route, which in many cases is congested prior to the addition of diverted 
traffic. Careful analysis of diversion strategies, which includes examination of the operational 
characteristics of both the freeway and alternate routes, can lead to much more efficient and 
effective strategies. 

This project establishes a methodology for analyzing diversion strategies using CORSIM, a 
microscopic simulation model developed by the Federal Highway Administration capable of 
simultaneously analyzing freeway and arterial roadways. The model process for incident speci- 
fication and simulation was tested and applied to several case studies. The results of the study 
show that the model is a valuable tool in analyzing diversion strategies; the critical freeway 
volume at which diversion becomes advantageous can be determined, as can bottleneck locations 
on the alternate routes. Signal timing adjustments can be tested and fine-tuned to achieve the 
ideal maximum flow along the diversion route. 



SIMULATION ANALYSIS OF ROUTE DIVERSION STRATEGIES 
FOR FREEWAY INCIDENT MANAGEMENT 

Catherine A. Cragg 
Research Scientist 

Michael J. Demetsky 
Faculty Research Scientist 

INTRODUCTION 

Congestion on urban freeways has grown significantly in recent years. In 1975, approxi- 
mately 40% of urban interstate peak hour traffic flowed at an average speed of less than 56 kph 
(35 mph). By 1990, this percentage had risen to almost 70%. It has been estimated that by the 
year 2005, urban congestion costs could be as high as 8 billion vehicle-hours and $88 billion. 
Traffic volumes have grown by approximately 5% per year in recent years, which indicates that 
congestion will only worsen unless steps are taken to alleviate it. 2 The answer to congestion 
problems has traditionally been to provide additional capacity by building more roadways. This 
is no longer a viable alternative. Beyond the obvious funding problems, there are problems asso- 
ciated with the availability of land, environmental impacts, and the fact that any excess capacity 
provided will be quickly absorbed and congestion will return. Transportation professionals have, 
therefore, begun to look for new ways to address congestion. 

It is estimated that 60% of all congestion-induced delay is caused by incidents. 3-5 A report 
by the California Department of Transportation placed the cost of incident-related congestion at 
approximately $1 million per day. 6 These costs are particularly significant when one considers 
the fact that incident-related congestion is considered by some to be "one of the least understood 
and most disruptive phenomenon facing traffic flow management. ''4 It is important to realize that 
although major incidents do cause severe traffic flow disruptions, minor incidents, including 
breakdowns, cause a substantial portion of the total delay attributable to incidents. A report by 
the Federal Highway Administration (FHWA) stated that minor incidents are responsible for 
65% of all incident delay, with major incidents accounting for the remaining 35%. 6 

The duration of an incident is not dependent on any one factor but rather is the result of 
many factors working together. A rear-end collision that blocks one lane of traffic on a weekday 
during rush hour will more than likely not have the same duration as a similar incident occurring 
on a weekend night. A study conducted at the University of California, Irvine, found that the 
average duration of an incident is 37 min, with a standard deviation of 30 min. This high stan- 
dard deviation is a result of the wide variation in incident duration, attributable to differing con- 

ditions. For example, the study determined that the average duration of a night-time 



disablement involving a lane closure was 14 min, whereas the average duration of a daytime 
injury accident involving lane closures was 66 min. 7 

The process of managing an incident has four distinct stages. 2 In the first stage, the incident 
is detected; in the second stage, the proper response is sent to the scene; in the third, the debris 
created by the incident, including the vehicles and any other objects, is removed from the road- 
way; and in the fourth, with full capacity restored, the queues dissipate and traffic flow returns to 
preincident conditions. During recovery, the fourth stage, throughput increases as the vehicles 
queued during the incident attempt to clear the area. This increased flow level is termed the 
getaway flow and is constrained by the physical capacity of the roadway. During peak periods, 
the normal demand flow very often approaches this capacity, and therefore it takes a significant 
amount of time for queues to dissipate and flow to return to normal. This is known as the time to 
normal flow. 

PROBLEM STATEMENT 

Incident management programs have been established in urban areas nationwide to help 
reduce the magnitude of incident-induced congestion. The weakest element of these programs is 
the recovery stage, particularly the utilization of traffic diversion strategies. Although such 
strategies are used in many areas, they have not been fully evaluated to determine their impact on 
the local transportation system. In most cases, in fact, only the impact on the freeway has been 
considered. For example, although the Northern Virginia area does have the advantage of a 
traffic management system (TMS), the diversion strategies developed have not been evaluated to 
determine their effect on the arterial street network. Further, diversion is used only in extreme 
cases. The incident management handbook developed for the FHWA states that "In general, 
when two or more lanes of a freeway are expected to be shut down for two or more hours, insti- 
tution of the alternate route plan should be considered." If delay on the network as a whole is 
to be minimized, incident management programs need to incorporate comprehensive traffic 
management strategies and decision aids for defining strategies to be used in the recovery stage 
need to be developed. 

PURPOSE AND SCOPE 

The purpose of this project was to investigate whether simulation models could be used as 
decision aids for defining traffic diversion strategies for effective incident management. A 
methodology was developed for using such a model to determine the effects of various incident 
types on freeway traffic flow and of diversion of freeway traffic on the arterial network. The 
combined freeway/arterial roadway system was considered so that strategies that provide the 
lowest overall delay could be established, rather than having the problem shift from one location 
to another. This approach is significant because it addresses the often-held belief that congestion 



on one roadway can be alleviated by diverting traffic to another roadway when in fact the other 
roadway might not have the capacity to accommodate diverted traffic. 

CORSIM, a microscopic simulation model developed by the FHWA, was chosen as the model 
for this study. Since the program is still undergoing testing, some effort was directed toward 
evaluating the software and determining its potential for application in the analysis of incidents. 
This process included analysis of the model's ability to simulate incidents and the delay that 
results. Once the process was established, it was applied to two sites in Northern Virginia for 
which diversion strategies had been specified in the incident management plan. Alternative 
diversion strategies were analyzed to determine their effectiveness in reducing incident-induced 
congestion during the peak period. 

METHODOLOGY 

Model Selection 

Several simulation models are available to conduct analyses of arterials or freeways, but few 
have the ability to do both simultaneously, taking into consideration the effects of one on the 
other. The TRAF family of models includes NETSIM and FRESIM, two microscopic models widely 
regarded as the most promising for use with arterials and freeways, respectively. A new model, 
CORSIM, combines these two models, allowing for a systemwide analysis of the freeway and 
surrounding arterial network. The fact that this model can perform such an analysis, in addition 
to it being an FHWA product and, therefore, public domain software, made it the logical choice 
to be used in this study. 

In order to measure performance in a network, it is important to look at the system as a 
whole, rather than as a sum of its parts. In studying freeway incident management, this means 
considering the arterial routes surrounding the affected portion of freeway as well as the mainline 
itself. Within CORS•M, vehicles enter the network through either a freeway or an arterial entry 
node and proceed through the network. If a vehicle enters the network on an arterial link and 
wishes to enter the freeway, it does so through what is termed an interface node. Interface nodes 
represent points at which vehicles exit one subnetwork and enter another. In the case of CORSIM, 
interface nodes occur on the ramps carrying vehicles between the arterial and freeway networks. 

The characteristics of vehicles and drivers (e.g., acceleration and deceleration rates and pas- 
sive or aggressive tendencies) are carried through from one subnetwork to the next to provide a 

more accurate analysis of conditions. For example, a driver/vehicle combination designated as 

an aggressive driver in a high-performance sports car in one subnetwork will retain the same 
characteristics in the other subnetwork. In addition, queuing on ramps due to saturated condi- 
tions on the mainline are reflected in the arterial network as additional vehicles try to enter the 
ramp. Likewise, vehicles trying to exit the freeway onto a congested arterial will be forced to 



wait on the ramp or possibly even queue onto the mainline freeway until it is physically possible 
for them to proceed. The interaction of vehicles at the freeway/arterial interface is an important 
feature when analyzing urban areas since peak period congestion affects both the freeway and the 
major arterials. 

Modeling Incidents with CORSIM 

CORSIM has the capability to model incidents on both the freeway and arterial streets in the 
coded network. Since this study is focused on the effects of freeway incidents, the discussion 
here is limited to the manner in which freeway incidents are modeled. Incidents may take the 
form of complete lane blockages or merely slowdowns resulting from incidents or other activities 
taking place on the shoulder. 

The data required to specify the occurrence of an incident within a CORSIM dataset include 
the following: 

the link on which the incident occurs 

the effect the incident has on each lane on the link, including any auxiliary lanes 

the location of the incident along the link 

the length of roadway affected by the incident 

the time the incident occurs and how long it lasts 

the rubberneck factor 

the location of any signs warning of blockages. 

In addition to the effects of the blockage on traffic flow, CORSIM models the rubbemecking 
phenomenon. The term rubbernecking refers to the tendency of drivers of vehicles in adjacent 
lanes to slow down as they pass an incident in order to see what is happening. This reduction in 
speed results in lower throughput, and therefore lower capacity. This factor is what explains the 
additional capacity reduction, beyond that corresponding to the physical loss, that occurs when 

one lane of a three-lane facility is blocked by an incident. Studies have shown that capacity 
reductions for such occurrences are approximately 50%, rather than the 33% reduction one 

would expect from the 33% loss in physical capacity. 3,6,9 Later discussion focuses on precisely 
how this phenomenon is modeled by CORSIM. 

The FRESIM User Guide suggests that a reasonable estimate of the length of the blockage is 
the length of the number of vehicles involved plus one. l° Since the program uses an estimate of 



6.1 m (20 ft) per vehicle, an incident involving two vehicles would be reasonably represented by 
a blockage of 18.3 m (60 ft). In addition to this incident specification, the manual suggests that a secondary incident consisting of only rubbernecking be placed at the upstream end of the primary 
incident. This secondary incident should be the same length as the primary incident and have the 
same duration. This would take into account the drivers beginning to respond to an incident 
when they first see it, rather than waiting until they reached the physical location. 

The specification of an incident consisting of only rubbernecking can also be used to simu- 
late the effects of an incident on the shoulder. In this case, no lanes on the freeway would be 
blocked by the incident, but capacity would be reduced due to the reduction in speed of drivers 
passing the incident. Rubbernecking could also be used to model the effects of work zones on 
traffic characteristics. Drivers very often slow through work zones to see what is being done or 
to adjust for the restricted geometric conditions. Under these circumstances, drivers would be 
notified in advance of any lane closures and would have the opportunity to change lanes before 
reaching the point of closure. 

Lanes may be designated as blocked at the point of the incident, having a capacity reduction 
caused by rubbernecking at the point of the incident, or flowing under normal conditions. For 
most lane-blocking incidents, the lanes not blocked by the incident will have some loss of capa- 
city, as discussed earlier. This is modeled in CORSIM through the use of the rubberneck factor, 
which increases the distance at which vehicles follow each other. 

Model Analysis 

Rubberneck Factor 

The first step in the analysis of the model's ability to simulate the effects of incidents was to 
determine the effect of the value of the rubberneck factor. This was accomplished by establish- 
ing a hypothetical network consisting only of a mainline freeway section. The freeway was 
coded as a three-lane, one-directional section with a free flow speed of 96.6 kph (60 mph) and an 
hourly volume of 2,000 vehicles per hour per lane (vphpl). One lane of the three was coded as 
being completely blocked, and the remaining two were coded as having capacity reductions due 
to rubbernecking. Rubberneck factors of 10%, 15%, 20%, and 25% were input. These factors 
were chosen primarily because the FRESlM User Guide suggested a factor of 10%. When the 
theoretical value of the reduced capacity was calculated, however, it was lower than the reduction 
found to occur under incident conditions quoted in the literature. To get a calculated 50% reduc- 
tion, the factor had to be increased to 25%. The range for testing was therefore chosen as 10% to 
25%. The resulting capacity reductions were measured by comparing the 15-min period before 
the onset of the incident to the 15-min period during which the lane was blocked. An output of 
the simulation model is the number of trips that have been made on the link over a period of 
time, and these numbers were the basis of the comparisons. 



Once the reductions for each factor value were determined, they were compared to the theo- 
retical value of the reduction derived from the definition of the factor as given in the FRESIM User 
Guide. The guide states that the capacity reduction is simulated by increasing the distance at 
which vehicles follow one another. According to the guide, this should result in a capacity re- 
duction in the specified lane equal to the percentage entered for the rubbemeck factor. In other 
words, if a value of 10% was entered for a lane with a capacity of 2,000 vph, the reduced capa- 
city would be approximately 1,800 vph. In terms of link capacity, if one lane of three was com- 
pletely blocked and the remaining two were influenced by a rubbemeck factor of 10%, the 
capacity of the link would be reduced as shown in the following equation 

RC (100%) 
1 

RC= 40% 

where 1/3 indicates the portion of volume normally carried in each lane and the percentages indi- 
cate the capacity reduction in that lane during the incident. In this example, the capacity would 
be reduced by 40%. It should be noted that Fl•ESIM distributes vehicles equally across all lanes; 
therefore, one third of the total volume traveling on a three-lane section can be assumed to be in 
each lane. 

Incident Duration 

A series of runs were conducted to determine the effect incident duration has on overall 
system performance. The same network as described previously was used with a rubberneck 
factor of 15%. Incidents of varying durations (10, 15, 20, 25, and 30 min) were simulated with 
input volumes of 6,000 vph. The time to normal flow was estimated for each of these cases, as 

was the overall delay experienced in the network. The time to normal flow was determined by 
requesting output from the model at 5-min intervals and comparing the speed and throughput 
over each interval. Output provided by the model is cumulative, gathered since the beginning of 
the simulation period, and although intermediate output may be requested, speeds are calculated 
by the program from the vehicle miles traveled on the link divided by the vehicle minutes spent 
on the link. Both of these values are cumulative for the entire simulation period and therefore 
result in an average speed for the simulation period. In order to determine the speed over a speci- 
fic 5-min period, the number of vehicle miles traveled during that period was divided by the 
number of vehicle minutes of travel occurring in the same 5 min. When both speed and through- 
put retumed to preincident conditions, the freeway was assumed to have returned to normal flow. 



Case Studies 

Several case studies were undertaken to test the application of the model to specific situa- 
tions. These applications focused on the ability of the method to provide a measure of the opera- 
tional characteristics of a particular system in absolute terms as well as a comparative measure 

among several diversion strategies. 

Both of the sites analyzed are in Arlington County in Northern Virginia on westbound 1-66, 
inside the 1-495 Capital Beltway. The first is in the area of Lee Highway, and the second is in 
the area of Glebe Road. Diversion strategies have been developed for 1-66 as part of the North- 
ern Virginia Incident Management Plan, and these plans provided the network for analysis in this 
portion of the project. The section of westbound 1-66 analyzed is designated as an exclusive 
HOV facility from 4:00 to 6:30 p.m. Only vehicles carrying three or more people are allowed to 
use the facility during this period, and therefore traffic volumes resulting from these restrictions 
are considerably lower than those prior to, and immediately following, the restricted period. In 
fact, automatic traffic counters used for monitoring purposes by the TMS indicate that the vol- 
umes on 1-66 during•the HOV period are approximately half the average volumes for the hour 
before and after the HOV period. For this reason, the analysis period was chosen as 3 p.m. to 4 
p.m., the hour prior to the HOV restricted period for the westbound direction. Examination of 
the traffic counts taken on the arterial streets indicated that this hour is, if not a peak period, a 
relatively high-volume hour for all intersections included in the analysis. Thus, it was decided 
that this hour represented an overall network peak at both locations. 

Data for both case study locations were obtained from several sources. Arlington County 
has the distinction of,being one of only two counties in Virginia that maintains its own roads. 
Since the responsibility also includes maintenance of any traffic control devices, the Arlington 
County Department of Public Works was contacted to obtain information regarding traffic vol- 
umes and signal timings. It was found that signal timing and phasing information was readily 
available, but information regarding current traffic volumes was not. The Northern Virginia 
District Office of the Virginia Department of Transportation (VDOT) was asked to conduct 
counts and did so from the middle of August through early September 1993. Intersection 
geometrics were also recorded at the time of the counts and verified by the researchers at a later 
date. Traffic volumes on 1-66 were obtained from the automatic vehicle counters mentioned 
previously. 

Site 1: Westbound Lee Highway 

The first site, shown in Figure 1, is located on 1-66 westbound, just west of the Theodore 
Roosevelt Bridge. According to the incident management plan, if an incident occurs on west- 
bound 1-66 between the ramp to westbound Lee Highway and the ramp from westbound Lee 
Highway, traffic is to be diverted onto Lee Highway and brought back to the freeway past the 
incident. In order to analyze this strategy, the network was coded to include the section of 



LEE HIGHWAY CASE STUDY 

WBL LEE HWY. N. Oak St. 

Qulnn St. T 
EBL LEE HWY. 

Nash St, 
Lynn St. 

Fort Myer Drive 

Scott st. 

Figure 1 

westbound 1-66 between the exit and entry ramps as well as a portion of roadway on either end to 
capture the effects of weaving. 

The portion of Lee Highway from 1-66 to just west of the ramp to WB 1-66 made up the 
arterial portion of the network. It should be noted that Lee Highway is divided in this area, with 
the east- and westbound lanes acting as separate one-way facilities. The intersections along Lee 
Highway of Lynn Street, Fort Myer Drive, Nash Street, Oak Street, Quinn Street, and Scott 
Street were included in the network. Lynn Street provides flow only in the southbound direction, 
and Fort Myer Drive only in the northbound direction. All of these intersections are controlled 
by pretimed signals. 

Analysis of this site began with coding the base case, which included both the freeway and 
arterial. Geometric details such as turn pocket lengths were measured from as-built plans and 
checked with intersection diagrams gathered during site visits. The traffic volumes collected for 
the intersections along Lee Highway were used, along with mainline and ramp volumes for 1-66. 
The output from this file was checked to ensure the model was accurately representing the area 
under study. 

Once the base case was established and verified, several program runs were conducted with 
incidents to test the capabilities of the program. The first run included an incident blocking one 

lane for 45 min. Subsequent runs were conducted with volumes increased on 1-66 by 500 and 
1,000 vph. Diversion was then implemented for the run with an additional 1,000 vph. In 
addition to these runs, a file was created that specified an incident that blocked both lanes. The 
duration of this incident was also 45 min, and diversion was tested for this case. In all cases in- 



GLEBE ROAD CASE STUDY 

Figure 2 

volving diversion, signal timings were modified to obtain the best possible flow for the diverted 
traffic stream. 

Site 2: Glebe Road/Fairfax Drive 

The second site is located approximately 6.4 km (4 mi) from Washington, D.C. As shown 
in Figure 2, the freeway section of the network extends from just east of the Glebe Road exit to 
just west of the on-ramp from Fairfax Drive. The alternate rome specified for this area calls for 
vehicles to exit at Glebe Road, travel southbound on Glebe to the intersection with Fairfax Drive, 
and then reenter the freeway at Fairfax Drive. Along the rome, diverted vehicles must travel 
through the signalized intersections of Glebe Road at Washington Boulevard, 1 lth Street, and 
Fairfax Drive and Wakefield Street at Fairfax Drive. 

A base case for this site was coded to include the mainline 1-66 and the portions of Glebe 
Road and Fairfax Drive that are specified as the alternate route. The volumes for the intersec- 
tions were determined from the traffic counts, and volumes for 1-66 and the ramps were deter- 
mined from printouts of detector data supplied by the TMS. The base case was run, and the 



output was checked to ensure the model was providing an accurate representation of flow 
through the network. Once this was accomplished, an incident was introduced that blocked one 
lane for 45 min. Diversion was added to this file, and several subsequent runs were conducted 
with differing levels of diversion. 

RESULTS 

Rubberneck Factor 

Model Analysis 

As stated previously, a sample dataset was created to test the sensitivity of the model to 
changes in the rubberneck factor. Table 1 presents the results of the runs. The through volume is 
the number of vehicles that were able to exit the link during the period of time when one lane of 
the three-lane roadway was blocked. The percent reduction is the difference between the through 
volume and the 1,500 vehicles that traveled the link in the 15 min prior to the incident. The theo- 
retical reduction is based on the definition of the rubberneck factor as given in the FRESIM User 
Guide. As Table 1 shows, the simulated values resulted in higher percent reductions in capacity 
than the theoretical values. The high volume used for this run could explain the discrepancy. As 
volumes increase, the reaction of the traffic stream to the change in density becomes more pro- 
nounced. At 2,000 vphpl, it is possible the network was operating close to capacity. The re- 
duction in capacity due to the rubberneck factor, therefore, had a greater impact than it would for 
conditions operating at lower flow levels. Running the same network again with input volumes 
of 1,800 vphpl rather than 2,000 vphpl resulted in lower reductions in capacity. These values are 
also shown in Table 1. 

Table 1 
CAPACITY REDUCTION DUE TO RUBBERNECK FACTOR 

Rubberneck 
Factor (%) 

Throughput 
(6,000 vph) 

Throughput 
(5,400 vph) 

% 
Reduction %Reduction 

10 837 44 890 34 40 

15 766 49 845 38 43 

20 738 51 829 40 46 

25 705 53 775 43 50 

Theoretical 
Reduction 

(%) 

10 



The goal of this effort was to determine the factor required to produce the capacity reduction 
found to occur for most incidents. The literature states that for an incident blocking one lane of a 
three-lane facility, capacity at the site of the incident is reduced an average of 50%. 3,6,7 Due to 
the fact that this study focused on incidents that occur on high-volume roadways, it was felt that 
a rubbernecking factor of 15% would be the most appropriate to obtain the desired capacity re- 
duction in the case studies conducted as it results in a 49% reduction (see Table 1). More data on 
traffic flow characteristics during incidents would be required to determine the relationship 
between volume and the effect of the rubberneck factor in CORSIM. 

Incident Duration 

A series of runs was conducted to determine the effect incident duration has on overall sys- 
tem performance. It was anticipated that the time to normal flow would increase significantly 
with incident duration. The results of the runs shown in Table 2 revealed that this was not 
strictly the case, however. Although the increase in duration from 10 to 15 min caused an in- 
crease in recovery time of 5 min, and the increase in duration from 15 to 20 min caused an 
increase in recovery time of 10 min, there was no increase in recovery time from the 20- to 25- 
min durations. Examination of the output produced by the model showed an increase in the 
volume of vehicles flowing past the incident location immediately following the clearance of the 
incident. This phenomenon, the getaway flow, is seen in observations of actual incidents. Vol- 
umes will increase to the physical capacity of the roadway to clear the queue as quickly as possi- 
ble. CORSIM, however, may overestimate the capacity of the roadway and therefore provide an 
overly optimistic representation of the recovery phase of an incident actually occurring on the 
roadway. 

Studies have shown that the relationship between the duration of an incident and the delay 
resulting from the incident is not one to one. In fact, one study suggested that delays increase 
geometrically with increases in incident duration. 6 In other words, an incident lasting 30 min 

Table 2 
EFFECT OF INCIDENT DURATION ON TIME TO NORMAL FLOW 

Duration (min) Total Time (min) Recovery Time (min) 

10 65 40 

15 75 45 

20 90 55 

25 95 55 

30 130 85 

11 



would have a delay 4 times as high as the same incident lasting only 15 min. The delay values 
for the various incident durations discussed are shown in Table 3. Using the example 
from the literature regarding the geometric relationship between incident duration and delay, the 
incident lasting 15 min resulted in 325 vehicle-hours of delay and the incident lasting 30 min 
resulted in 1,115 vehicle-hours of delay. Although the latter case is not quite 4 times higher than 
the former one (325 x 4 1,300), it does follow the trend. Once again, the fact that the delay 
was somewhat lower than might have been projected from observed pattems could be due to the 
optimistic capacities assumed in the program. 

The results of the procedural tests indicated that the model is capable of reflecting the im- 
pacts of incidents on traffic flow. The delay experienced in the network increases with increases 
in incident duration, as does the time to normal flow. In addition, a rubberneck factor of 15% 
was chosen to simulate the effects of incidents on the unblocked lanes for high-volume freeways. 

Table 3 
RELATIONSHIP BETWEEN INCIDENT DURATION AND DELAY 

Incident Duration (min) Delay (veh-hr) 

10 170 

15 325 

20 580 

25 855 

30 1115 

Site 1: Lee Highway 

The analysis of this site began with coding the base case. This file included all the geo- 
metric and operational information, but it did not include the specification of an incident. The 
results were checked to ensure that the simulation was accurately representing the conditions in 
the area. The queue lengths and delay times at all signalized intersections along Lee Highway 
were examined and compared to those observed in the field. In addition, speeds on 1-66 were 
checked for reasonableness. Tables 4 and 5 present the results of the base case run for the 
arterial and freeway, respectively. The total delay was 97.0 vehicle-hours. The majority of this 
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Table 4 
DELAY AND LEVEL OF SERVICE: LEE HIGHWAY BASE CASE 

Intersection Delay (sec/veh) Level of Service 

Lee Hwy/Lynn Street 13.6 B 

Lee Hwy/Ft. Myer Drive 10.4 B 

Lee Hwy/Nash Street 4.5 A 

Lee Hwy/Oak Street 1.6 A 

Lee Hwy/Quinn Street 0.1 A 

Lee Hwy/Scott Street 3.8 A 

Table 5 
FREEWAY SEGMENT DELAY AND SPEED: LEE HIGHWAY BASE CASE 

Segment Delay (sec/veh) Speed (kph) 

Entry point to Lee Hwy exit 0.08 83.0 

Lee Hwy exit to midpoint 0.03 86.0 

Midpoint to Lee Hwy entrance 0.03 85.7 

Fairfax entrance to exit point 0.11 81.0 

delay was experienced on Lee Highway, not on 1-66. The delay values for the NETSIM and 
FRESIM subnetworks were 84.3 vehicle-hours and 12.7 vehicle-hours, respectively. 

The first incident file run for this case placed a lane-blocking incident approximately 
1,219 m (4,000 fl) downstream of the westbound Lee Highway off-ramp. The incident was 
coded to have a duration of 45 min, with a rubberneck factor of 15% specified for the adjoining 
lane. As expected, this resulted in an increase in the delay on the freeway. Total delay on 1-66 
increased from the 12.7 vehicle-hours in the base case to 15.8 vehicle-hours. The arterial re- 

mained relatively unchanged since no diversion was implemented. The average speed of vehi- 
cles remained relatively high, with a low of 64.4 kph (40 mph) during the incident. Figure 3 
shows the variation in speed over the simulation period. The incident began 15 min into the 
simulation and ended 1 hour into the simulation. As the graph illustrates, the flow returned to 
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normal quickly after the incident was cleared, and the overall impact was relatively minor. 
Therefore, diversion of traffic would not be recommended in this case. 

To determine the volume conditions on 1-66 under which diversion would be beneficial, 
several more runs were made with higher volumes on 1-66 to determine the effects of the same 
45-min incident. In the first run, the volume was increased by 500 vph, for a total of 2,852 vph 
entering the network on the freeway. The total delay for vehicles traveling on this network was 
103.4 vehicle-hours, and the delay attributable to the freeway portion almost doubled from the 
base case to 21.7 vehicle-hours. The speed through the affected area still remained relatively 
high, and the network seemed to return to normal quickly (see Figure 4). Accordingly, diversion 
would most probably still not be advantageous. 
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The next run increased the freeway volume to 3,352 vph. The speeds resulting from this 
case are shown in Figure 5. As the figure illustrates, there was a substantial reduction in speed as 

a result of the incident under this volume condition. The total delay in the network increased to 
186.9 vehicle-hours of delay, with the freeway component of this delay at 105 vehicle-hours. In 
addition, the disruption of flow propagated backward to the preceding link in the network. A 
speed profile for this link is shown in Figure 6. By the time the incident was cleared, a queue 
formed that was approximately 1.6 km (1 mi) long. Due to the fact that the incident affected an 

extended section of the freeway, diversion was considered for this case. Diversion was assumed 
to begin approximately 10 min after the onset of the incident. 

A time of 10 min was chosen because of a limitation of the program. All diversion within 
CORSIM is done manually by altering the destination of vehicles as they enter the network. Once 
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a vehicle is in the network, its destination cannot be changed. In the case of the incident simu- 
lation, what this means is that once vehicles join the queue caused by the incident, there is no 

way to cause them to divert. If a large enough number of vehicles join the queue such that it 
extends beyond the entrance to the ramp used in the diversion, that ramp will be effectively 
blocked and no vehicles will be able to divert. To overcome this problem, the time between the 
onset of the incident and the beginning of diversion was kept short so that the queue would not 
extend past the diversion ramp entrance. In actuality, vehicles in queue would begin to divert in 
response to the delay caused by the incident, thereby clearing a path for vehicles further back in 
the queue. 

Vehicles were directed to divert from the freeway at the ramp to westbound Lee Highway 
and return to the freeway approximately 1.2 km (0.75 mi) downstream. The input file was 
altered to reflect a new origin-destination matrix for vehicles entering the network during the 
incident, and the turning volumes at the intersections along Lee Highway were altered to reflect 
the higher volumes and altered turning percentages. This was done by dividing the simulation 
into time periods and specifying different turning percentages at the ramps and each intersection 
along the arterial route. In this case, the diverted vehicles traveled through each intersection until 
they reached the ramp back to 1-66 so the through volume at each intersection would be in- 
creased by the number of diverted vehicles. These changes were coded to be in effect until the 
end of the incident, and then the system was to return to its preincident condition. Fifty percent 
of the traffic on 1-66 was assumed to divert for this case. 

Due to the excellent levels of service at all the intersections along the diversion route under 
the base conditions, the diversion of 50% of the freeway traffic did not cause much additional 
delay on the arterial network. In fact, the total arterial delay for the 2-hr simulation increased by 
only 6 vehicle-hours, from 84.3 vehicle-hours in the base case to 90.9 vehicle-hours in this case. 
The delay on the freeway was significantly decreased by diverting traffic, from 105 vehicle- 
hours in the case without diversion to 37.8 vehicle-hours. An additional run was conducted 
specifying the level of diversion to be 60% rather than 50% to see if the system performance 
could be further improved. It was found that the additional vehicles attempting to exit caused too 
much turbulence in the freeway traffic flow and the delay experienced by vehicles on the freeway 
actually increased. 

The effect of an incident blocking both lanes of the freeway was also examined. An incident 
was specified at the same location as in the previous cases, but this time both lanes were coded as 
being blocked for the duration of the incident. As expected, this resulted in a substantially 
greater delay for vehicles traveling on the freeway. In fact, the run was not completed because 
there were too many vehicles queued behind the incident and the program automatically ter- 
minated the run. When the run was terminated, the queue was in excess of 8 km (5 mi) long. In 
this case, diversion was definitely warranted. Once again, diversion was assumed to begin 10 
min after the onset of the incident. All vehicles entering the network were instructed to exit at 
the ramp to westbound Lee Highway. The first run did not result in the correct number of 
vehicles reaching the NETSIM subnetwork. Further investigation revealed that exiting vehicles 
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were being delayed by the signal at Lynn Street and the flow of diverted vehicles was therefore 
being impeded. The signal timings were altered by a trial and error process at Lynn Street to 
allow more green time for the westbound movement, and the correct exiting volume was 
achieved. Originally, the signal timings were returned to normal as soon as the diversion ended, 
but it was found that if the altered timings were left in place for the hour after the clearance of the 
incident, delay in the overall network could be further reduced. 

Table 6 presents the system delay for the three diversion strategies tested as well as the base 
case for comparison purposes. Although all three of the diversion strategies still resulted in an 
overall system delay far greater than the base case with no incident, the improved signal timings 
did have a significant impact on reducing delay in the system. It should be noted that the level of 
service was checked for all intersections on the alternate route, and all were found to operate at 
an acceptable level of service for each of the diversion strategies. 

Table 6 
DELAY COMPARISON FOR DIVERSION STRATEGIES 

(Incident blocking 2 lanes) 

NETSIM Subnetwork 
Delay (veh-hr) 

FRESIM Subnetwork 
Delay (veh-hr) Condition 

Base case 12.7 84.3 97 

No change in timings 60.5 563.2 623.7 

Altered timings 51.4 

58.0 Continuous altered 
timings 

386.4 

337.1 

Total System Delay 
(veh-hr) 

437.8 

395.1 

Site 2: Glebe Road 

The base case for the Glebe Road site was prepared and executed in the same manner as that 
for the Lee Highway site. The run was verified for conformity with conditions observed in the 
field: the queue lengths, delays, and travel times on Glebe Road and the speeds and delays on 
1-66. The only link with a significant average queue was the northbound approach to the inter- 
section of Glebe Road at Fairfax Drive. The left-turn movement at this intersection is heavy, and 
all turns are made from one 45.7-m (150 ft) left-turn bay. The demand is often not completely 
served during the green phase, and the queue extends beyond the capacity of the turn bay much 
of the time. This spillover effect was observed in the field and was replicated by the model. The 
levels of service for each intersection in the NETSIM subnetwork are presented in Table 7. The 
average speeds and delay time for the individual freeway segments are shown in Table 8. The 
total systemwide delay for this case was 337.9 vehicle-hours. The reduction in speeds on the 
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Table 7 
DELAY AND LEVEL OF SERVICE: GLEBE ROAD BASE CASE 

Intersection Delay (sec/veh) Level of Service 

Glebe Road/I-66 Ramp 6.96 B 

Glebe Rd/Washington Blvd 14.18 B 

Glebe Road/1 lth Street 2.74 A 

Glebe Road/Fairfax Drive 34.27 D 

Fairfax Drive/Wakefield 3.11 A 

Table 8 
FREEWAY SEGMENT DELAY AND SPEED: GLEBE ROAD BASE CASE 

Segment Delay (see/veh) Speed (kph) 

Entry point to Glebe Exit 1.7 91.6 

Glebe exit to midpoint 2.6 90.0 

Midpoint to Fairfax entrance 6.1 81.3 

Fairfax entrance to exit point 3.6 87.3 

link approaching the entrance ramp from Fairfax Drive can be attributed to the increased 
weaving in this section. Vehicles are entering the freeway at speeds lower than those of the 
vehicles already on the freeway, and this causes turbulence in the flow. 

The first incident specified for this case had a duration of 45 min and blocked one lane com- 
pletely, with rubbernecking reducing the capacity in the lane that remained open. The incident 
was placed approximately 305 m (1,000 ft) downstream from the Glebe Road off-ramp. The 
overall system delay increased to 1,039 vehicle-hours, with 859.7 vehicle-hours of delay ex- 
perienced by motorists on the freeway. The average speed on the link on which the incident 
occurred as well as the preceding link dropped dramatically. The speed profile for the link is 
shown in Figure 7. FRESIM does not report queue lengths directly, but by looking at the vehicle 
content of individual links under normal (preincident) conditions and after the occurrence of the 
incident, one can estimate a queue length. Link 1-2, the link preceding the incident link, had an 

occupancy of 250 vehicles per lane prior to the incident. Forty-five minutes later, just as the 
incident was cleared, the occupancy had increased to 750 vehicles in the left lane and 510 vehi- 
cles in the right lane. This indicates that the queue of slower moving vehicles caused by the 
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incident was at least 250 vehicles long. The higher occupancy in the left lane was due to the fact 
that the lane was the unblocked lane on the next link, making it the preferred lane for travel. It 
would be a conservative estimate to assume that the queue was at least 1.6 km (1 mi) long and 
probably closer to 3.2 km (2 mi) at this time. Diversion was considered for this case. 

The first diversion strategy tested was a complete diversion. All vehicles entering the net- 
work were assigned to exit at Glebe Road and re-enter at Fairfax Drive. A problem was 
encountered regarding the ability of vehicles to maneuver physically through the diversion. The 
logic in FRESIM is such that if a vehicle is unable to execute the lane changes necessary to exit at 
its assigned destination, a message is reported to the user that the "vehicle missed destination" 
and it is removed from the network. 

It was originally thought that if a vehicle was unable to exit, it would simply continue on the 
freeway. In the case of incident diversion, this would account for those vehicles that refused to 
divert. Unfortunately, a vehicle trace revealed that this is not the case. When the movement of 
individual vehicles is traced at 1-sec increments over a period of time, the "disappearance" of 
these vehicles can be observed. At a location just prior to the exit, the vehicle will be reported on 
the link, and in the trace for the next second, it will not be found on either the exit link, the free- 
way link feeding the exit, or the subsequent freeway link. This phenomenon can result in sub- 
stantial loss of volume. The reasons vehicles miss their assigned exits are unclear, although it 
does tend to happen more often under high-volume conditions. The User Guide states that it is 
due to vehicles being unable to find an acceptable gap in the traffic stream to merge. Further 
evaluation of the vehicle trace showed that often a vehicle that missed an exit was following a 
vehicle that waited until the last minute before merging into the auxiliary lane and the following 
vehicle could not react in time. To compound this problem, the trace also showed that this often 
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triggers a chain reaction in which the vehicle following the first vehicle to miss the exit also 
misses, as does the vehicle behind it, etc. 

When 100% of the freeway volume was instructed to divert to the arterial, more than 
500 vehicles missed the exit, which represents approximately 30% of the vehicles destined to 
divert during the 35-min diversion period. This was considered unacceptable due to the fact that 
the vehicles disappeared, causing an incorrect number of vehicles in the network and, therefore, 
inaccurate results. Consequently, the run was not analyzed further. 

In an attempt to determine what percentage of vehicles could divert successfully, a number 
of runs were conducted with decreasing percentages. For a diversion strategy with only 40% of 
the freeway volume attempting to divert, there were still approximately 125 vehicles, 16% of the 
760 vehicles instructed to divert, who were unable to exit successfully. Under actual incident 
conditions, vehicles could be forced to exit by police or fire officials on the scene. It was there- 
fore decided to look more carefully at the effects of the diversion on the arterial and assume that 
the vehicles were able to exit. 

In order to simulate the correct volume on the surface street and yet still model the freeway 
section, a dummy link was introduced to feed vehicles onto the Glebe Road exit ramp (within the 
NETSIM subnetwork). During the time diversion would take place, the freeway volume was re- 
duced to reflect the diverted volume and these vehicles were reassigned to the dummy entry 
point. By doing this, the proper number of vehicles were placed on the arterial and the effects of 
the increased volume could be accurately measured. To test the strategy, 50% of the freeway 
volume was assumed to divert. 

To allow for reasonable flow along Glebe Road, the minimum green times for the side 
streets at each intersection were reduced. This time was then added to the minimum green speci- 
fied for the Glebe Road approach. As might be expected, this resulted in a significant increase in 
the delay experienced by vehicles on the side street approaches. With additional volumes at- 
tempting to travel southbound on Glebe Road, the delay on those approaches also increased, even 
with the increased green time at the signals. Unfortunately, due to a limitation of the program 
that prohibits actuated signal specifications from being changed during the course of a simula- 
tion, the altered timings for the signals had to be in place for the entire simulation period. In 
addition, the large number of right-turning vehicles at the intersection of Glebe Road and Fairfax 
Drive caused significant problems. This intersection is designed with a channelized right-turn 
lane that begins approximately 46 m (150 ft) prior to the intersection, and all right turns are made 
from this lane. In order to service all the right-turning vehicles involved in the diversion, how- 
ever, these vehicles must be allowed to discharge from two lanes. This could be accomplished in 
the field by placing an officer at the scene to instruct drivers. 

The level of service for each intersection during the diversion period is presented in Table 9, 
along with the average delay for the intersection. As the table shows, the intersection of Glebe 
Road and Fairfax Drive is at LOS F during the diversion, the junction of the ramp with Glebe 
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Table 9 
DELAY AND LEVEL OF SERVICE: GLEBE ROAD DIVERSION 

Intersection Delay (sec/veh) Level of Service 

Glebe Road/I-66 Ramp 54.98 E 

Glebe Rd/Washington Blvd 25.44 D 

Glebe Road/1 lth Street 36.37 D 

Glebe Road/Fairfax Drive 72.14 F 

Fairfax Drive/Wakefield 5.49 B 

Road is operating at LOS E, and the intersections of Washington Boulevard and 1 lth Street with 
Glebe Road are both operating at LOS D. In addition, the program reported numerous spillback 
messages, indicating that the queuing capacity of a link had been exceeded. 

Despite the deteriorated level of service on the arterial, the overall system delay under this 
condition was approximately 500 vehicle-hours less than in the case with no diversion. The 
systemwide delay for this case was 794.4 vehicle-hours. The delay to the arterial system went up 
from 277.3 vehicle-hours with no diversion to 456.1 vehicle-hours with 50% of the vehicles 
diverting. 

CONCLUSIONS 

CORSIM is a valuable tool in evaluating the effects of incidents on systemwide traffic flow. 
Although the program cannot model every situation explicitly, an estimate of the amount of 
additional traffic the altemate route can accommodate can be determined. 

For incidents where only one lane is closed, there is often an optimum diversion percentage 
beyond which freeway delays increase due to friction caused by the weaving of vehicles 
attempting to exit. 

The physical capacity of the ramps and weaving sections to accommodate the diverted 
traffic is critical for successful diversion. If diverted vehicles cannot maneuver the weaving 
section, excessive queuing on the mainline will result. 
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RECOMMENDATIONS 

1. The FHWA should continue its efforts in refining and updating the logic of the CORSIM 
program. The following suggestions for improvements in the model are offered. 

Provide additional documentation of the effects of the rubbemeck factor. This effort 
would require substantial data collection of incident traffic flow characteristics. 

Add a feature that allows for the forced exiting of vehicles. At this time, vehicles 
unable to execute the lane changes required to exit are simply removed from the 
network, resulting in inaccurate network volumes. 

Within intermediate output, provide intermediate, rather than cumulative, speeds for 
each link. 

Provide a means for altering signal timings at actuated signals for a specific time period 
within the simulation period. Currently, actuated signal parameters must remain 
constant. 

When development of the program is complete, VDOT staff should apply the CORSIM model 
to all potential diversion strategies to ensure their effectiveness, identify any bottleneck 
locations, and determine modifications to signal timings along the route that are necessary 
for optimum system performance. This work should be the responsibility of the district 
traffic engineering staff in cooperation with staff from traffic management centers (TMCs) 
where applicable. 

When the model is fully developed, training in its use should be made available for traffic 
engineering staff so that personnel will be qualified to conduct the types of analyses referred 
to in Recommendation 2. Although it is likely that the FHWA will sponsor training courses, 
it is also likely that they will not be developed until some time after the official release of 
the program. The Virginia Transportation Research Council is prepared to provide technical 
assistance as an adjunct to that formal training to ensure that VDOT staff can apply the 
model correctly. 

FURTHER STUDY NEEDS 

Additional work in the area of traffic flow during incidents is needed to define motorist 
response to incidents more clearly. This research assumed that no motorists would divert unless 
instructed to do so and that a specific percentage of drivers could be forced to divert by some 

means. Investigation of the number of motorists that divert as a response to the delay and 
queuing without any information as to the cause of the delay would be useful, as would the 
number of motorists who divert with such information and the number who divert when told to 
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do so. Such information would be valuable to the engineer who must make the decision of when 
to divert traffic from a freeway. If a particular diversion route has been found to have the capa- 
city to handle a 30% freeway diversion and studies have shown that 25% of the motorists divert 
without instruction, formal diversion should not be implemented. However, signal timing 
changes and turn restriction changes as discussed in this report should be implemented. 

The results of this study indicate that simulation models in general, and CORSIM specifically, 
hold great promise for use in the analysis of the effects of incidents and the effectiveness of 
incident diversion strategies. Further work is needed, however, to improve the deficiencies of 
the model discussed in this report. Once this has been completed, further analysis of incident 
diversion plans should be undertaken by VDOT staff to develop a database of operationally 
sound diversion strategies for specific incident characteristics. This database could then be in- 
corporated into an expert system for use in the TMCs. Such a system would greatly aid opera- 
tors of the TMC when they are faced with incident situations requiring traffic management. 
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