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IMPLEMENT A TI ON RECOMMENDATIONS 

This study was sponsored by the Texas Department of Transportation (TxDOT) because the current 
era of limited funding for transportation improvements has focused attention on the need to manage 
transportation systems more efficiently. Freeway bottlenecks are a primary source of congestion, and 
the removal of several bottlenecks in Dallas have shown a favorable reduction in delay. Solving a 
freeway bottleneck can be highly complex, and existing.analytical tools have been inadequate for 
congested conditions. The first of three areas of research undertaken to enhance our understanding 
and approach to bottleneck improvements was the observation of driving behaviors in congestion. 
The second area of research was to refine the analytical methodology used to evaluate bottlenecks, 
and the third area was to improve the methodology used to estimate benefits due to bottleneck 
improvements. 

1. Driving behaviors in congestion were observed at several sites on freeways in the Dallas 
District. Driving behaviors observed include queue jumping, weaving in congestion, and 
shoulder driving. These observations have furthered our understanding of freeway operations 
in congested urban areas in Texas and could lead to improved methods for providing 
construction and maintenance traffic control, as well as refining bottleneck improvements. 

a. Long queue jumps (e.g., Loop 12 and Singleton) have a negative impact on overall 
throughput and should be actively discouraged through design or operational means. 

b. Unavoidable lane closures, such as those found during pavement rehabilitation on LBJ 
IH635, should be signed to delay the vacating of the closing lane until the last 
moment, to maximize throughput. 

c. Weaving in congestion appears to be easier and have higher capacity than high speed 
weaves, as shown on southbound IH35E near downtown. 

d. Shoulder driving is aggressive driving behavior and should be actively discouraged 
both by occasional enforcement and by installing rumble strips or raised traffic bumps 
along shoulders. 

2. Traditional tools have proven inadequate for analysis of congestion or bottleneck 
improvements. A means to simulate congestion is needed by transportation professionals. 
A survey of what other agencies are using to simulate congested freeway operations showed 
that FRESIM is the most widely used simulation tool. Several adaptations to the use of 
FRESIM were identified and tested, and these refinements allow for better analysis of 
congestion and bottleneck improvements. 

a. Collection of adequate geometry and volume data should be conducted if quality 
simulation results are expected. 
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b. It is important to use some method of achieving model outputs for a base case that 
reasonably match the existing conditions. 

c. It appears that a reasonable approach for "calibrating'' the model to congested 
existing operations is by overloading the network (since recorded volumes will be 
constrained) and allowing the model to react to the excess demand. A proposed 
methodology for overloading the model is to scale recorded volumes up to a point 
where the network is saturated (e.g., in ten percent increments). 

d. At the current level of development, FRESIM does not appear to be adequately 
reliable for estimating absolute future benefits for a :freeway bottleneck removal 
project. However, the use of FRESIM as a simulation tool in bottleneck analysis is 
reasonable for use in the selection of the best alternative. 

3. The ability to fully assess the benefit bottleneck removal provides to the motorists remains 
incomplete. In some cases, benefits due to reduction in delay can be estimated as an increase 
in speed. However, in cases where significant latent demand is present in the system, the 
benefits to motorists are not as easily measured. Speeds may not increase, but higher volumes 
indicate that diversion from less attractive routes is occurring. It is seldom possible to fully 
quantify these benefits. This research enhances the reliability of benefit estimates by 
identifying options to the traditional methodology for assessing benefits. 

a. "Before" data need to be collected beginning outside the region of congestion both 
temporal and spatial. 

b. Speed and volume data on alternate routes should be collected. 

c. "After" data should be collected the same way as "before" data. 

d. Increased volumes should be assessed with benefits based on the average speed of the 
alternate routes. 

e. Original volumes should be assessed with benefits based on speed increases or 
decreases. 

f. Throughput increases (i.e., the product of volume and speed) should be identified, 
even if monetary benefits cannot be estimated. 
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DISCLAIMER 

The contents of this report reflect the views of the authors who are responsible for the opinions, 
findings, and conclusions presented herein. The contents do not necessarily reflect the official views 
of the Texas Department of Transportation (TxDOT). This report does not constitute a standard 
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SUMMARY 

Limited funding for transportation improvements increases the importance of maximizing the 
efficiency of the existing freeway system. Freeway bottlenecks are a primary source of congestion, 
and the removal of several bottlenecks in Dallas have shown a favorable reduction in delay. Solving 
a freeway bottleneck can be highly complex, and existing analytical tools have been inadequate for 
congested conditions. The first of three areas of research undertaken to enhance our understanding 
and approach to bottleneck improvements was the observation of driving behaviors in congestion. 
The second area of research was to refine the analytical methodology used to evaluate bottlenecks, 
and the third area was to improve the methodology used to estimate benefits due to bottleneck 
improvements. 

Driving behaviors in congestion were observed at several sites on freeways in Dallas. The 
operations were videotaped, and additional data were obtained where needed. Driving behaviors 
observed include queue jumping, weaving in congestion, and shoulder driving. These observations 
have furthered our understanding of freeway operations in congested urban areas in Texas and could 
lead to improved methods for providing construction and maintenance traffic control, as well as 
refining bottleneck improvements. 

Traditional tools have proven inadequate for analysis of congestion or bottleneck improvements. 
Due to fiscal constraints, even simple solutions require analysis and justification. A means to 
simulate congestion is needed by transportation professionals. A survey of what other agencies are 
using to simulate congested freeway operations showed that FRESIM is the most widely used 
simulation tool. Several adaptations to the use of FRESIM were identified and tested, and these 
refinements allow for better analysis of congestion and bottleneck improvements. 

The ability to fully assess the benefit bottleneck removal provides to the motorists remains 
incomplete. In some cases, benefits due to reduction in delay can be estimated as an increase in 
speed. However, in cases where significant latent demand is present in the system, the benefits to 
motorists are not as easily measured. Speeds may not increase, but higher volumes indicate that 
diversion from less attractive routes is occurring. It is seldom possible to fully quantify these 
benefits. This research enhances the reliability of benefit estimates by identifying options to the 
traditional methodology for assessing benefits. 
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I. INTRODUCTION 

Limited funding for transportation improvements has focused attention on the need to manage 
transportation systems more efficiently. Of increasing importance is the ability to maximize the 
efficiency of the existing freeway system, especially with regard to reduction of congestion in areas 
of air quality non-attainment, such as Dallas. One of the primary sources of freeway congestion are 
bottlenecks in the freeway system. Numerous bottleneck removal projects have been implemented 
in the Dallas district, and initial before-and-after studies have indicated a favorable reduction in delay 
and an increase in efficiency of roadway usage. 

Freeway bottlenecks are wasteful of existing capacity in that traffic is prevented from fully utilizing 
downstream capacity and is subjected to delays and potentially hazardous congestion. It is generally 
believed that about half of urban congestion is recurrent, and much of that is due to freeway 
bottlenecks. The other half of urban congestion is due to incidents and is being addressed by a wide 
variety ofITS programs; however, little attention is currently being paid to finding low cost solutions 
that might alleviate a substantial portion of recurrent delay. Large reconstruction projects are not 
always required to make a major difference in recurrent congestion. Rather, detective work and 
precise analytical methods can often be applied to solve the underlying problems at freeway 
bottlenecks, and the results can be significant with the expenditure of little money or even the need 
for public involvement. However, this detective work is highly complex, and existing analytical tools 
have been inadequate for congested conditions. 

Freeway bottleneck improvement projects in Dallas have resulted in measured benefits that exceed 
cost by 25:1. However, for some bottleneck improvements, the benefits to freeway traffic are 
difficult to identify because of the limitations of our tools. The most direct method of estimating 
benefits is from travel time savings. However, if there is no significant change in travel time, despite 
an increase in volume, there are no estimated benefits. Other factors may also affect the expected 
benefits, such as hidden downstream bottlenecks or complex weaving movements. A bottleneck 
improvement may also allow drivers to change their route or trip start times with uncertain effects 
on the flow of traffic. 

The methodologies reported in TTI Research Report 1232-17, "Methodology For Assessing 
Feasibility of Bottleneck Removal" (1 ), were developed through the State Funded Research (SFR) 
program in the Dallas district and are being refined through further work with the district. Three 
areas of research were undertaken to enhance our understanding and approach to bottleneck 
improvements. Researchers observed driving behaviors under congested conditions to identify 
patterns that may create inefficiencies or hazards in the flow of traffic. The analytical methodology 
used in bottleneck evaluation was refined by identifying and testing adaptations to simulation tools 
for use in congested conditions, and the reliability of estimates of benefits associated with bottleneck 
improvements was enhanced by using the refined analytical methods to examine several existing 
bottleneck improvements. 
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DRIVER BEHAVIOR UNDER CONGESTED CONDITTONS 

The objectives of this research area are to provide additional evaluation of driver behavior under 
congested conditions and to further our understanding of freeway operations in congested urban areas 
in Texas. Researchers observed congested traffic operations at several sites on freeways in the Dallas 
district. Operations and aberrant driving behaviors at each site were videotaped to obtain volume and 
movement data. Additional data, such as travel time runs and accident analysis, were obtained where 
needed. The analysis attempted to identify patterns in driver behavior that may create inefficiencies 
or hazards in the flow of traffic that may be corrected or avoided through design changes or by 
different signing, markings, or other traffic control devices. 

Some aberrant driver behaviors appear to yield beneficial effects by increasing the capacity or 
reducing the delay for some drivers without impacting the remaining traffic flow. The results of this 
research allow for better design of future :freeways and a better understanding of congested conditions 
for improvements on existing freeways for merging and diverging areas, weaving areas, lane drops, 
and construction zones. 

ANALYTIC MEmODS USED IN BOTTLENECK ANALYSIS 

Traditional tools, such as the Highway Capacity Manual (HCM) and the Highway Capacity Software 
(HCS), have proven to be inadequate for use in simulating or examining congested conditions on 
freeways. In many cases, :freeways are operating in congested conditions throughout much of the 
work day. Although engineering judgement and experience are essential in finding potential solutions 
to freeway flow breakdown, fiscal constraints demand an analysis and justification of the most 
elementary solutions. Further, major freeway reconstruction in the future (e.g., IH635, LBJ Freeway) 
will require analysis in terms of congested flow with multiple alternatives. The problem faced by the 
transportation professional is that it is difficult to model or simulate freeway congestion, and there 
is a need for examining and calibrating freeway simulation to identify which is best-suited for 
analyzing congested Dallas freeways. 

The primary objective of this area of research is to refine analytic methods used in bottleneck analysis 
or analysis of congested :freeways. Researchers contacted the distributors of simulation software, 
public agencies, and consultants to determine what others are using to simulate congested freeway 
operations. FRESIM, a microscopic freeway simulation model, was found to be most widely used 
for analysis of congestion. Several adaptations to FRESIM were identified and tested with data 
collected before and after bottleneck improvement projects to better calibrate the model for congested 
operations. 

RELIAB1LITY OF BENEFIT ESTIMATES FOR BOTTLENECK IMPROVEMENTS 

Following the development of analytic methods for bottleneck improvements is the problem of 
assessing the benefit bottleneck removal provides to the motorists. In some cases, benefits due to 
reduction in delay can be estimated as speeds increase. However, in cases where significant latent 
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demand is present in the system, speeds may not increase, although volumes do; in this case, the 
benefits to motorists are more difficult to quantify. In some cases, the benefit may be improving flow 
for one ramp approach or simply providing capacity for motorists who are stuck in queues. Speeds, 
in these cases, may not increase significantly, if at all, and the benefits must be estimated using some 
other method. Another option for these cases might be to recognize from volume and speed data that 
the system benefits from the improvement, but that a monetary benefit might not be possible to 
estimate. These are the options and questions addressed in this section of the report. 
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II. REVIEW OF PREVIOUS WORK 

DESIGNING FOR CONGESTION 

The TTI Research Report 1483-lF, "Planning for Optimal Roadway Operations in the Design Year'' 
(2), examined the need for designing for congestion for future freeways. In the past, TxDOT has 
designed highways for freeflow conditions using the 30th highest hourly volume (HHV) for 
estimating future volumes. However, future designs in urban areas will not be able to satisfy peak 
hour demands, and a more constrained approach of accepting congestion will be necessary. 
Designers must consider congestion as a factor in the design of future freeways. Among the 
recommendations for designing for congestion from the 1483 report are to maintain uniformity in 
design, to optimize traffic flow under congested conditions with operational aids, to provide access 
to alternative routes, and to use :flexible freeway designs. 

Locations where vehicles interact on freeways such as at merging, diverging, or weaving areas, are 
often the sites of congestion. The standard designs for freeway elements as recommended by 
AASHfO operate adequately for most congested conditions. However, some elements are preferred 
and appear to provide a more orderly flow of traffic. For example, the parallel design single-lane 
entrance ramp is slightly preferred over the taper design because of the narrow lane width and its 
compatibility with the introduction of an auxiliary lane. 

Examples of the different types of design elements were observed in congestion as part of the 1483 
project, and this project has extended the research begun with the 1483 project. The observation of 
the design elements revealed that much of the behavior exhibited by drivers is more a result of the 
congestion rather than a typical design element. Common behaviors observed to occur include queue 
jumping, weaving or frequent lane changing in congestion, shoulder driving, and gore crossing. 

• Queue jumping, which is defined as the bypassing of a queue of vehicles in the through lanes 
by one or more vehicles from an adjacent lane by waiting to merge into the through lanes at 
the last possible point. Queue jumping most commonly occurs at lane reductions and is 
particularly severe approaching work zones where there is a reduction in through lanes, 
though it has been seen to occur at other design elements, such as exit-only lanes, major 
forks, and some entrance ramps. 

• Weaving areas are locations or elements where recurrent congestion seems to begin or is 
more problematic and where frequent lane changing is seen when congested. Weaving areas 
occur wherever entering and exiting vehicles cross paths - most commonly between entrance 
and exit ramps connected by an auxiliary lane on the right side of the through lanes. Double­
sided weaves may occur where vehicles must weave across the through movement to or from 
a left side entrance or exit. 
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• Driving on an available shoulder to bypass slower or queued traffic often occurs in 
conjunction with queue jumping at lane reductions or entrance ramps and with congestion in 
weaving areas. Shoulder driving most commonly occurs when a driver slows to merge into 
through traffic, and following vehicles bypass the merging vehicle on the shoulder to merge 
or exit further downstream. 

• Crossing a gore area to bypass slower or queued traffic occurs frequently at congested ramps, 
most commonly at congested entrance ramps. Vehicles crossing the gore take available gaps 
in the through traffic lanes from vehicles attempting to merge properly. Both entering and 
exiting vehicles may weave across the gore approaching congested weaving areas. Gore 
crossing also occurs in conjunction with queue jumping at congested exits or diverges. 

ASSESSING BOTI'LENECK IMPROVEMENTS 

The TTI Research Report 1232-17 (1 ), developed through the SFR program in the Dallas district 
addressed the methods that have been used to assess the feasibility of bottleneck improvement 
projects. The primary benefit for bottleneck improvements was assumed to be a reduction in delay 
to the previously congested traffic. Other benefits in emission reductions, reduced fuel consumption, 
and fewer incidents were also assumed, but the benefits for these factors are usually not estimated 
since travel time savings was usually more than enough to justify economic feasibility of a project. 

The report noted two complications to assessing potential benefits of any bottleneck improvement 
project. First, there is a difficulty estimating improved speeds due to downstream congestion or 
hidden bottlenecks downstream or within the queue of congested traffic. If a weave is involved, the 
HCM procedures will define expected speeds for weaving and non-weaving vehicles. The HCM may 
also be useful in identifying problematic ramps or weaving areas which may be hidden bottlenecks. 
Second, there may not be an improvement in travel time but an increase in traffic volume. Where the 
additional traffic comes from is often uncertain and therefore, difficult to determine a travel time 
savings for the additional traffic. 

RELATED RESEARCH 

The manner in which the traffic stream is represented is a model's most significant characteristic. A 
simulation of a freeway is basically an abstraction of reality. Macroscopic models typically use 
mathematical relationships to represent the traffic stream as a homogenous aggregate group. The 
HCM package of models are an example of macroscopic models. Microscopic models simulate each 
individual vehicle at each moment in time and explicitly model their interaction with other vehicles 
to better represent the traffic stream. FRESIM is a typical microscopic simulation model. Several 
models are available for simulating freeway flow and estimating level of service. A preliminary 
literature review to explore the existing technology of freeway simulation models revealed that an 
extensive amount of work has gone into this subject in recent years. The following paragraphs 
document the content of several significant studies. 
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JHK and Associates Study 

A 1992 research project, "Application of Freeway Simulation Models to Urban Corridors," was 
performed by JHK and Associates for the FHWA under a contract entitled "Analysis of Complex 
Congested Corridor Locations" (3). The purpose of this project was to evaluate the effectiveness 
and ease of use of three freeway simulation models and the freeway analysis procedures described 
in the 1985 HCM by applying them to a series of real world situations. The three simulation models 
tested were: FREFLO - a macroscopic model developed and supported by the FHW A as part of the 
TRAF modeling system; FREQ - a second macroscopic model developed and supported by the 
Institute of Transportation Studies; University of California at Berkeley; and FRESIM - a 
microscopic simulation model developed and supported by the FHW A, representing an extension 
of an earlier FHW A model known as INTRAS. Each of these models and the HCS were applied to 
each of the five case study locations that were experiencing severe operating problems. 

The models were used to evaluate the problems at each study location and to test a range of possible 
remedial actions. The model testing revealed that FREFLO and FREQ are best suited to corridor 
evaluations covering a considerable length of freeway 8 kilometers ( 5 miles) or more, with an 
emphasis on determining the best location for a transition between the basic number of lanes, 
computing the effectiveness portion of a cost-effectiveness analysis for various geometric 
alternatives, and evaluating traffic management and traffic control alternatives (such as incident 
management and ramp metering). A significant weakness of both of these macroscopic modeling 
systems is the difficulty in dealing with sections longer than the length in which a vehicle can 
traverse a section in one time slice. FRESIM is a more powerful model for testing detailed freeway 
design features with a particular emphasis on weaving areas, complex ramp merging areas, grades, 
and the interaction of these elements with certain traffic management measures. FRESIM would 
typically not be needed for the more standard geometric situations, in which defining basic lane 
requirements and the transition points (i.e., where to add or drop a lane) are the primary objectives. 
The HCM procedures should primarily be used for refining the basic number of lanes, similar to the 
application of FREFLO and FREQ. However, the HCS has no ability to analyze the interactive 
effects between sections (e.g., the effect of a bottleneck section on upstream sections). It may be 
appropriate to select more than one of the analysis tools to take advantage of the strengths of each 
model for certain conditions. 

Texas Transportation Institute (f'fl) Study 

A 1992 study entitled "Considerationsin the Application of Freeway Computer Simulation Models 
to Project Evaluation," conducted by the Texas Transportation Institute, focused on characteristics 
of and the process of choosing a freeway simulation model ( 4). This study documented the internal 
characteristics (i.e., traffic stream representation, analysis basis, and analysis objective), input/output 
parameters, and difficulties encountered for a number of freeway simulation models (HCS, FREQ, 
FREFLO, CORFLO, INTRAS, and FRESIM). A case study comparison of a section of SH 114 in 
Dallas was performed to display and evaluate the attributes of the basic assumptions (i.e., the default 
values) for each of the models tested. The FREQ, FREFLO/CORFLO, and INTRAS models 
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produced the least accurate operational results of the models tested. This research did not calibrate 
the models for the case study comparison or evaluate the FRESTh1 model because it was still being 
beta-tested at the end of the project. 

Purdue Study 

A study completed in 1995 by researchers at Purdue University for the Federal Highway 
Administration evaluated the performance of several freeway traffic simulation models using detailed 
data collected from California freeways (5). A literature review was performed in order to identify 
existing models which are commonly in use, review the basic features and functions of these models, 
and evaluate historic user experience with these models. Three models were selected for evaluation 
and calibration by the research team: INTRAS, FREQ, and FREFLO. The basic conclusion of this 
study was that the calibrated simulation models tested (INTRAS, FREQ, and FREFLO) were often 
unable to faithfully replicate observed freeway conditions on the freeway study sections. The 
researchers found this to be particularly true when the models were tested using data collected under 
conditions varying slightly from the calibration data. The INTRAS model could not be calibrated to 
the entire 16 kilometer (10 mile) test section due to its tendency to overestimate the detrimental 
impacts of bottlenecks. The evaluation of the INTRAS model suggested that modeling individual 
driver behavior is extremely difficult and perhaps not even possible. The assessment of the FREQ 
model showed that it was best at emulating observed conditions through separate models (with 
different bottleneck capacities), and for simulating congested and uncongested conditions. The 
testing of the FREFLO model appeared to corroborate the earlier criticisms of Daganzo (1995) that 
argued that second order :fluid approximations are not reasonable when applied to traffic flow. This 
research was not able to calibrate the INTRAS model and also did not include an evaluation of its 
newer and more enhanced counterpart, FRESTh1. 

Maryland Study 

Researchers at the University of Maryland recently completed a study entitled "Calibration of 
FRESTh1 to Achieve Desired Capacities" ( 6). This research addressed the selection of input 
parameters for the FRESTh1 freeway traffic simulator. Methods for calibrating the Car Following 
Sensitivity Factor (CFSF) and Rubbernecking Factor (RF) parameters to achieve desired freeway 
capacities were formulated for incident and incident-free simulation runs. The impacts of these 
parameters on freeway capacity were explored through systematic variation of the parameters for 
selected traffic scenarios. The researchers concluded that the CFSF and RF parameters in the 
FRESTh1 traffic model significantly influence the incident and incident-free capacity characteristics 
of simulation experiments. 
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III. DRIVER BEHAVIOR UNDER CONGESTED CONDITIONS 

The objectives of this research area are to provide additional evaluation of driver behavior under 
congested conditions and to further our understanding of freeway operations in congested urban 
areas in Texas. TTI observed congested traffic operations at several sites on freeways in the Dallas 
district. The analysis attempted to identify patterns in driver behavior that may create inefficiencies 
or hazards in the flow of traffic that may be corrected or avoided through design changes or by 
different signing, markings, or other traffic control devices. 

STUDY SITES AND DATA COLLECTION 

TTI selected 12 sites for observation of aberrant driving behavior. Researchers selected the sites 
primarily because recurrent congestion was known to occur at these locations. Analysis of two 
locations was discontinued due to the fact there was no suitable location to view the driving behavior 
through the site. Table 1 lists all 12 study sites and gives a brief description of each site and what 
sort of driving behavior was observed. Figure 1 shows the locations of the study sites. 

Videotape was used to collect data at each site. Depending on the view through the video camera, 
a number of different types of data can be collected. TTI counted traffic volumes and the number 
of aberrant driving maneuvers at each site where suitable video was obtained. Other traffic 
characteristics can also be taken from the video, such as the density of vehicles, travel time of 
vehicles, and an estimate of vehicle speed. Other methods of counting volumes, such as manual 
counts or use of automatic counters, or estimating speeds with the use of travel time runs with 
distance measuring instruments, were also used when needed to complete the analysis of a site. TTI 
also used data collected as parts of earlier studies for some of the sites. TTI performed an accident 
analysis of five of the study sites. At the other sites, such as Site 5 (the ramp connection from 
eastbound IH30 to northbound IH35E), it was felt that it would be difficult to determine whether or 
not an accident could be associated with the movement being observed, and no accident analysis was 
performed at these locations. 
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Table 1. Driver Behavior in Congestion Site Summary 

Site Locations Type of Facility When Videotape Type of Driver Behavior 
Con2ested Location Observed 

1 SB IH35Eand Branch AM Video from Driver lane choice at 
EB SH183 connection with nealby building inside merge and 

inside merge weaving 

2 WB Woodall Rodgers Double sided PM Video from Weaving in congestion 
across SB IH35E weave bridge and 
to WB IH30 Courts garage 

3 NB SRLT IH35E to Major fork AM Video from Queue jumping across 
NB Stemmons IH35E without option diverge gore gore 
& EB ERLT IH30 lane behind barrier 

4 NB Stemmons IH35E Tapered exit AM&PM PM video from Exiting queue in outside 
Exit ramp to NB DNT ramp Reunion Tower lane - speed differential 

s EB IH30 to Non-standard AM AM video from Queue jumping and 
NB Stemmons IH35E entrance ramp Reunion Tower shoulder driving 

6 Singleton Ent.ranee Tapered entrance AM Video from Queue jumping, 
Ramp to NB Loop 12 ramp shoulder north of entering across gore, 

ramp and shoulder driving 

7 EBLBJIH635 Lane Drop AM&PM No location Queue jumping 
at Stemmons IH35E identified 

8 WB LBJ IH635 Exit Left hand exit- AM Video from TI Queue jumping and 
to SB US75 and Coit only lane bridge weaving across double 
Road white line 

9 Hillcrest Ent.ranee Tapered entrance PM View from Bypassing queue on X-
Ramp to WB LBJ ramp followed by Preston Road ramps 
IH635 exit unsuitable 

10 Red Bird Ent.ranee Tapered entrance PM Video from Red Entering across gore 
Ramp to SB US67 ramp followed by Bird Lane and shoulder driving 

exit 

11 EBIH30and Branch PM Video from Hotel Driver lane choice at 
NBIH35E connection with St. inside merge 

inside merge 

12 WBLBJIH635 Type A weaving AM&PM Video from Weaving in congestion 
DNT Ent.ranee to section Welch and shoulder driving 
Midway Road Exit 

Note: Sites 7 and 9 were not studied due to unsuitable locations for videotaping. 

10 



>- >­........ :z :z 
:::> ::> go 

COLLIN COUNTY _ ___,,_ 
DALLAS COUNTY 

DALLAS COUNTY 
--EL-L-IS COUNTY ___ __., __ 

_J 

5 

Figure 1. Location of Study Sites 

11 



Site 1: The branch connection of southbound IH35E Stemmons and eastbound SH183 

IH3 5E and SH 183 are three lanes each approaching the connection and continue beyond the merge 
as five lanes. The outside lane ofIH35E and the inside lane of SHI 83 continue as the middle lane 
after the merge. The SH183 approach peaks in the morning. The IH35E approach peaks in the 
evening; however, the overall peak is in the morning. TTI performed an operational analysis at this 
location in December of 1992. This analysis examined possible changes to improve safety and 
relieve congestion; however, TTI recommended that no changes be made to the branch connection 
as a result of the operational analysis. Data from the 1992 study as well as additional data collected 
from videotapes were used to examine driver behavior. 

At Site 1, TTI observed driver lane choice approaching the merge and weaving in congestion from 
IH35E to the first down stream exit to Commonwealth. From the video, TTI counted each lane prior 
to the merge and downstream of the merge, and counted the number of vehicles weaving from 
IH35E to Commonwealth. TTI also estimated the speeds of vehicles in each lane as they moved 
through the merge area. An accident analysis of this site was conducted as part of the operational 
analysis in 1992. 

Site 2: The double sided weave on IH35E from the westbound Woodall Rodgers entrance to 
the westbound IH30 exit 

The entrance ramp from westbound Woodall Rodgers is a lane addition on the outside of the four 
main lanes of southbound IH35E to make a five lane section. The inside lane becomes an exit only 
lane to westbound IH30. The weaving section is about 900 m (3000 ft) in length. The Continental 
Ave. entrance ramp is on the outside, about 300 m (1000 ft) south of the entrance from Woodall 
Rodgers. The Elm St. entrance is a lane addition on the inside, about 300 m (1000 ft) upstream of 
the exit ramp to westbound IH30. Congestion occurs in this weaving area during the evening peak 
period. TTI videotaped the weaving area from the Woodall Rodgers eastbound lanes looking south 
and from the Criminal Courts garage looking south. 

At Site 2, TTI observed congestion in the evening peak, and a large amount of lane changing and 
weaving in congestion. From the Woodall Rodgers video, TTI counted the volume in each lane and 
the number of lane changes. TTI also performed an accident analysis of this site. 

Site 3: The major fork from northbound IH35E to northbound IH35E and eastbound IH30 

The five lane section of northbound SRL T IH35E over the Trinity River splits into a two lane 
connection to northbound Stemmons IH35E on the inside and a three lane connection to eastbound 
ERL T IH30 on the outside without an option lane. The inside lanes are congested in the morning 
peak period, while the outer lanes remain in free flow. TTI videotaped the gore area from behind 
the diverge gore crash barriers. 
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At Site 3, TTI observed congestion in the morning, bypassing queue in the inside lanes from the 
middle lane, and different speeds on the inside two lanes and the outside three lanes. From the 
video, TTI counted the volume in lanes 2 and 3 - middle and middle inside lane, and the number of 
vehicles that crossed the diverge gore of the major fork. 

Site 4: The exit to northbound Dallas North Tollway (DNT) from northbound Stemmons 
IH35E 

The exit to northbound DNT was a standard tapered exit ramp on the outside of the five lane section 
of northbound Stemmons IH35E before bottleneck improvements were completed in January of 
1997. The exit experienced congestion in both the morning and evening peak periods; however, m 
only videotaped the evening peak period from Reunion Tower looking north towards the exit. 

At Site 4, TTI observed high exiting volumes in the evening peak period, queuing in the outside lane, 
lane 5, prior to the exit and some vehicles exiting from the middle outside lane, lane 4, to bypass the 
queue in the outside lane. From the video from Reunion Tower, TTI counted the volume in each 
lane, on the exit ramp, and the number of exiting vehicles from the middle outside lane. TTI also 
performed an accident analysis of this site. 

Site 5: The entrance ramp from eastbound IH30 to northbound Stemmons IH35E 

The direct connection from eastbound IH3 0 is two lanes; the outside lane connects to Commerce St. 
to downtown, and the inside lane connects to the four main lanes of northbound Stemmons IH35E. 
Before the bottleneck improvement to northbound Stemmons, the connection to northbound 
Stemmons was a non-standard tapered entrance ramp. The entrance is followed downstream at about 
150 m ( 500 ft) by an entrance ramp to an auxiliary lane from Commerce St. The IH30 entrance ramp 
is congested during the morning peak period. TTI videotaped from Reunion Tower the operation 
of the ramp as well as the downstream entrance ramp from Commerce St. 

At Site 5, TTI observed congestion in the morning peak period, queue jumping the inside lane of the 
ramp connection from the outside lane of the ramp connection, and driving on the shoulder from the 
outside lane of the ramp connection to the downstream auxiliary lane. From the video from Reunion 
Tower, TTI counted the volume in each lane of the connection, the volume of the main lanes, and 
the volume from the outside lane of the ramp entering IH35E. 

Site 6: The Singleton entrance ramp to northbound Loop 12 

This entrance ramp is a standard tapered entrance ramp from Singleton Blvd. to northbound Loop 
12. The entrance ramp experiences congestion during the morning peak period. Traffic travels 
northbound on the frontage road, which ends at Singleton, to bypass congestion on the Loop 12 
through lanes upstream of the Singleton entrance ramp. TTI videotaped from the shoulder 
downstream from the ramp looking south and from upstream of the entrance gore looking north to 
have two views of the operation of the entrance ramp. 
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At Site 6, TTI observed congestion in the morning peak period on northbound Loop 12, heavy 
volumes on the Singleton entrance ramp, entering traffic bypassing traffic queued on the ramp 
upstream across the gore, and entering traffic bypassing the queue downstream on the shoulder. 
From the videos, TTI counted the entering traffic, the traffic entering across the gore or from the 
shoulder, and the traffic in the outside lane, lane 3. A manual traffic count of each main lane was 
also made. TTI also performed an accident analysis of this site. 

Site 7: The lane reduction on eastbound LBJ IH635 at the Stemmons IH35E interchange 

The eastbound main lanes of LBJ IH635 are reduced from three lanes to two lanes by ending the 
outside lane with a taper upstream of the connections from southbound and northbound Stemmons 
IH35E. Congestion occurs at this lane reduction throughout both the morning and evening peak 
periods. Unfortunately, TTI did not locate a suitable location to view the operation of the lane 
reduction, and no further analysis was performed at this location. 

Site 8: The inside exit-only lane from westbound IH635 to southbound US75 and Coit Road 

Before restriping as part of the LBJ HOV project, the inside main lane of the four main lanes of 
westbound LBJ IH635 ended as an exit only lane to southbound Central Expressway US75 and Coit 
Road. The other three lanes continued past Central Expressway. Congestion at this location as well 
as on the through lanes of LBJ occurred during the morning peak period. TTI videotaped the 
operation of the westbound through lanes and the exit from the TI bridge looking west. 

At Site 8, TTI observed congestion in the morning peak period, bypassing the queue in the three 
through lanes from the inside exit only lane, and weaving across the double white line into and out 
of the exit only lane. From the video, TTI counted the volume of the main lanes and the exiting 
traffic, and the number of vehicles crossing the double white line. TTI also performed an accident 
analysis of this site. 

Site 9: The entrance ramp from Hillcrest to westbound LBJ IH635 

The entrance from Hillcrest is a standard tapered entrance ramp to a four lane section of westbound 
LBJ. Upstream the exit to Preston Road from westbound LBJ is an exit only lane and the 
termination of the outside or fifth lane of westbound LBJ. The traffic exiting to Preston and entering 
from Hillcrest must weave on the frontage road. Congestion occurs at this location of westbound 
LBJ during the evening peak period. It is believed many vehicles bypass the queued traffic in the 
through lanes by taking the exit to Preston and the following entrance from Hillcrest. TTI 
videotaped the entrance ramp from the Preston Road overpass, though unfortunately the full 
operation of the movement from the Preston Road exit to the Hillcrest entrance was obstructed by 
guide signs, and no further data collection was performed at this location. 
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Site 10: The Hampton Road and Red Bird Lane entrance ramp to southbound US67 

The Hampton and Red Bird ramp is a nearly standard tapered entrance ramp to the two main lanes 
of southbound US67. The entrance ramp has a short parallel section of about 60 m (200 ft) over a 
creek bridge followed by a standard taper. The end of the entrance ramp taper is closely followed 
downstream at about 50 m (160 ft) by a tapered exit to Camp Wisdom Road. Congestion occurs at 
this entrance ramp in the evening peak period. TTI videotaped the operation of the entrance ramp 
from Red Bird Lane looking south. 

At Site 10, TTI observed congestion in the evening peak hour, a high volume on the entrance ramp, 
entering traffic bypassing entering queue upstream across the gore and downstream on the shoulder, 
and exiting traffic bypassing main lanes by using the entrance ramp taper and the following shoulder 
to get to the exit. From the video, TTI counted each main lane, the entering and exiting volumes, the 
number of vehicles entering across the gore or from the shoulder, and the number exiting onto the 
entrance taper or shoulder. 

Site 11: The branch connection with inside merge of eastbound IH30 and northbound IH35E 

Two lanes from eastbound IH30 and two lanes from northbound IH35E merge into three lanes 
entering the Canyon of eastbound Ill30. The inside lane of eastbound IH30 continues as the inside 
lane, and the outside lane of northbound IH35E continues as the outside lane. The outside lane of 
eastbound IH30 and the inside lane of northbound IH35E merge to become the middle lane through 
the Canyon. Congestion occurs at this location during the evening peak period. TTI videotaped the 
operation of the merge from the Hotel St. overpass. 

At Site 11, TTI observed driver lane choice approaching the merge and congestion in the evening 
peak. From the video, TTI counted each lane prior to the merge and the number oflane changes 
prior to merge. TTI also performed an accident analysis of this site. 

Site 12: The weaving area on westbound LBJ ffi635 between the DNT Entrance and the 
Midway Road Exit 

An auxiliary lane on the outside of the four main lanes of westbound LBJ extends about 500 m 
(1600 ft) between the entrance ramp from the Dallas North Tollway and Dallas Parkway and the exit 
to Midway Road. Congestion occurs in the weaving area through the evening peak period. TTI 
videotaped the operation of the weave from the Welch overpass. 

At Site 12, TTI observed congestion in the evening peak, weaving in congestion, shoulder driving, 
and gore crossing. From the video, TTI counted the outside lanes of LBJ prior to the weaving area, 
the entering and exiting (weaving) traffic, the vehicles crossing the gore in both directions, and the 
vehicles passing entering queue on the shoulder. 
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DISCUSSION OF DRIVING BEHAVIOR 

Generally, aberrant driving behavior will occur wherever there is enough clear pavement to do so 
and whenever a driver feels it is to his advantage to do so. Most likely, the driver perceives a time 
savings that is significant enough to warrant the driving behavior. The negative aspects of the 
aberrant driving behavior, such as possible collisions with other vehicles or roadside structures, 
delaying other vehicles, or possible citations from law enforcement, are likely either not perceived or 
are viewed at such a low risk that they can be ignored. 

There appears to be a full range of driving behaviors from aggressive to apprehensive, with most 
drivers fillling somewhere in between. However, as congestion increases, drivers appear to become 
more aggressive. For example, at Site 6, the Singleton entrance ramp to northbound Loop 12, we 
see an increase of shoulder driving as the volume of traffic on the ramp increases. The volume of the 
ramp and the number of shoulder drivers is shown in Figure 2. 
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Figure 2. Analysis of Singleton Entrance to NB Loop 12 
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All of the aberrant driving behaviors seen at the sites described above can be tenned as aggressive 
driving behavior. The shoulder driving behavior was seen most frequently at the entrance ramp sites: 
at Site 10, the entrance ramp to southbound US67 from Hampton Road and Redbird Lane; at Site 
12, the weaving area between the entrance from DNT and the exit to Midway Road on westbound 
LBJ; and at Site 6, the Singleton entrance ramp discussed above. 

Some drivers appear to imitate aggressive behaviors of other drivers. At most of the sites for much 
of the time, there are no aberrant driving maneuvers; however, when a single driver behaves 
aggressively, several following drivers may repeat the behavior. This imitative behavior seemed to 
occur most often at sites where driving on the shoulder was observed, but it was also observed with 
gore crossings. Obviously, many drivers are either unaware of the possible maneuver until they see 
another driver complete the maneuver to their apparent advantage, or they are unwilling to violate 
traffic laws unless someone else does so first. 

At all the sites observed large vehicles, such as 18-wheel trucks and buses, were seen as part of the 
traffic stream. In the peak period, the percentage of trucks per 15 minute period observed ranged 
from less than 1 percent on US67 at Site 10 to 13 percent on Loop 12 at Site 6. Generally, at each 
site, the truck percentage is lowest when the congestion or demand is highest. This may indicate that 
trucks know when to avoid the worst congestion. Trucks were rarely seen performing aberrant 
maneuvers, though they appear to have a strong influence on the traffic stream in congestion. Due 
to the low perfonnance characteristics oflarge vehicles, such as slow acceleration and long stopping 
distance, many drivers will maneuver to get around a large vehicle in congestion. A common, though 
potentially hazardous maneuver is when small vehicles merge into the gap in front of a large vehicle. 
A large vehicle requires a relatively long gap for safe stopping, and small vehicles that move into this 
gap may cut the available stopping distance for the large vehicle in half. Most drivers who do this 
maneuver are probably unaware of the danger. This maneuver was most widely seen in weaving 
areas, such as the weaving area on southbound IH35E at Site 2. There was also a strong cooperative 
behavior observed among trucks. One truck will often slow to allow another to merge in front of it, 
forcing all the following traffic to slow as well. 

At all but one of the sites where accident rates were studied, the peak hour accident rates are higher 
than the daily rates. 1TI collected accident rates for each site from 1991 to 1995. The average 1994 
daily accident rate for the Dallas area was 0. 73 accidents per million vehicle-kilometers traveled ( 1.17 
accidents per million vehicle-miles traveled). Each site had a daily accident rate higher than the 
average for the area. The results of the accident analysis are shown in Table 2. The higher accident 
rates in the peak hour indicate that congestion increases the number of accidents at these sites. The 
detail of this accident analysis did not allow the level of severity of each accident to be determined. 
A more detailed analysis may show that the accidents that occur in congested conditions are less 
severe due to the slower speeds and more familiar drivers. 
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Table 2. Accident Data Summary 

Study Average Average Average Average Average 

Site Length Average Daily Daily Annual Peak Hour Peak Hour 
Annual Acc. Rate Acc. Rate kms Accidents Volume acc/mvkt Peak Hour Volume acc/mvkt (miles) veh/day (acc/mvmtl Accidents veh/hour (acc/mvmt) 

2. Weaveon 1.6 63 90,152 1.2 4.8 7,032 1.6 
SBIH35E (1.0) (2.0) (2.6) 

4. NBIH35E 1.4 52 132,206 0.74 4.0 8,329 1.3 
Exit to NB (0.87) (1.2) (2.1) 
DNT 

6. NB Loop 12 1.1 8 53,006 0.37 1.2 5,937 0.72 
at Singleton (0.68) (0.59) (1.2) 
Entrance 

8. WB Il:I635 1.0 50 113,813 1.3 2.0 8,081 1.0 
Exit to SB (0.62) (2.1) (1.6) 
US75 and Coit 

11. Merge of 0.6 37 82,950 1.9 1.9 5,392 2.1 
EBIH30and (0.37) (3.1) (3.4) 
NBIH35E 

Note: The average 1994 daily accident rate for the Dallas area was 0.73 accidents per million vehicle-kms traveled 
(1.17 accidents per million vehicle-miles traveled) 

One question this research was trying to answer was: What is the effect of queue jumping or any of 
the identified aberrant driving behaviors on the throughput of a traffic stream? At Site 6, the 
Singleton entrance ramp to northbound Loop 12, we can see the effects of the larger queue jump that 
is occurring. About two-thirds of the volume at the Singleton entrance ramp are using the frontage 
road as a queue jump to bypass the congestion on Loop 12 further aggravating congestion. The 
vehicles are exiting Loop 12 upstream as well as coming from IH30 and bypassing the IlI30 entrance 
ramp by going downstream on the frontage road through the signal at Singleton and onto the 
Singleton entrance ramp. Figure 3 shows the effect of the queue jumping on the throughput of traffic~ 
as the entrance ramp volume increases, the overall throughput is decreased. 

The effect of other aberrant behaviors- on vehicle throughput is uncertain. Shoulder driving and gore 
crossing observed at the Singleton entrance ramp, shown in Figure 2, appear to increase the capacity 
of the ramp. While the ramp capacity might be lower if there were no shoulder driving or gore 
crossing, there might be a positive influence on the overall throughput - similar to ramp metering. 
In any case, shoulder driving or gore crossing has a disruptive effect on the traffic, which is 
potentially hazardous due to the unexpected nature of the behavior and should be discouraged. 
Occasional police enforcement of problem areas and the installation of rumble strips or raised traffic 
bumps along the problem shoulders should be effective in discouraging the behavior without impeding 
the use of the shoulder for vehicle breakdowns. 
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Figure 3. Total Volume of NB Loop 12 and Singleton Entrance 

Often, weaving areas are directly associated with recurrent congestion, and at these sites, it may be 
feasible to eliminate the weave through design changes, such as braided ramps or collector 
distributor roads. However, many weaving areas are located in areas where there are additional 
sources of congestion downstream. This was the case for the observed weaving areas at Site 2 (the 
weave from westbound Woodall Rodgers on southboundIH35E to westbound IH30) and at Site 12 
(the weaving area on westbound IH635 between the DNT entrance ramp and the exit to Midway 
Road). At both sites, weaving at the slower speeds due to congestion appears easier and is 
accomplished in a shorter distance than at higher free flow speeds. At the southbound IH35E site, 
the number of lane changes observed indicates that the capacity for weaving in congestion is higher 
than the capacity expected for normal weaves. The amount of weaving at this site exceeds the 
expected maximum level of weaving for a type C weave by 60 percent. The volume and number of 
lane changes observed on southbound IH35E are shown in Figure 4. 
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Figure 4. Analysis of Weave from Woodall Rodgers to WB IH30 on SB IH35E 

To gain a better understanding of queue jumping, TTI observed lane closures on LBJ Freeway. On 
Saturday, May 10, 1997, the three outside lanes of LBJ Ill635 were closed for pavement 
rehabilitation near Midway Road, and on Saturday, May 17, 1997, the three inside lanes of 
westbound LBJ were also closed for pavement rehabilitation near Preston Road. The eastbound lanes 
were observed from the Rosser Road overpass looking east toward the third lane closure and exit to 
Midway Road The westbound lanes were observed from the Preston Road overpass, also looking 
east toward the third lane closure. From the videotapes made at the two sites, the volume in each 
lane and the number of queue jumps were counted for one minute intervals. The number of short 
queue jumps and the corresponding lane volume in the affected lane are plotted in Figures 5 and 6. 
The volumes for both sites were counted between 11 :00 and 11 :30 in the morning. Both sites show 
an increase in through volume with an increase in short queue jumping, though a slight decrease in 
through volume was expected for an increase in queue jumping. This may be because the video was 
actually catching only minor variations in merge maneuvers, not the lengthy, deliberate queue jumping 
as noted at the Singleton entrance ramp. 
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Statistically, there is little to no relationship between short queue jumping and lane throughput at 
these sites~ however, the interesting result is in the different throughputs seen at the two sites. The 
eastbound site which had an exit to Midway Road near the lane closure had a lower and less uniform 
lane volume for the affected lane than the westbound site. In Figure 5, it can be seen that the lane 
volume oflane 2 (the middle inside lane 1 is the inside lane or HOV lane) ranged between 11 and 27 
vehicles per minute. However, in Figure 6, it can be seen that the lane volume of lane 4 (the middle 
outside lane) ranged between 24 and 30 vehicles per minute. The middle lane of the eastbound site 
appeared to have a higher speed and throughput compared to the adjacent through lane due to the 
exit at the end of the lane. This results in a more random arrival rate for queue jumps at the lane 
closure as well as less delay for the queue jumping vehicles, while at the westbound site the vehicles 
in the ending lane and the adjacent through lane appear to have little difference in speed and a near 
uniform pattern of merging at the end of the lane. These observances have led to the hypothesis that 
it is best to have each lane full with uniform speed approaching a lane closure with all the merging 
at the end of the lane being closed. However, additional sites will need to be observed, as well as 
field test performed, with different signing to verify this hypothesis. 

SUMMARY OF DRIVING BEHAVIOR OBSERVATIONS 

The objectives of the driver behavior research, to provide additional evaluation of driver behavior 
under congested conditions and to further our understanding of freeway operations in congested 
urban areas in Texas, have been satisfied. Though no specific recommendations for design changes 
have been made, this analysis has identified patterns in driver behavior that may create inefficiencies 
or hazards in the flow of traffic. The aberrant driving behaviors discussed above may all create 
inefficiencies or hazards for the flow of traffic. 

Aberrant driving behaviors appear to be more common at locations where there are clear and 
adequate shoulders and entrance and exit gores. Despite a potential increase in shoulder driving or 
other aberrant driving behaviors in congested conditions, full width and full strength shoulders, with 
rumble strips or traffic bumps where needed to discourage shoulder driving, are an important safety 
feature for when traffic flow conditions are not congested. Signing did not appear to be a problem 
at any of the locations observed for this study. As traffic slows for congested conditions, most 
drivers probably have a better chance to recognize and heed roadway signs than when they are 
traveling at higher speeds. Similarly, roadway markings did not appear to be a problem at any of the 
locations observed for this study, despite the fact that at many sites, drivers were observed ignoring 
the roadway markings - gore crossing or crossing double white lines. The effect of other traffic 
control devices, such as lane control signals or changeable message signs, were not observed at any 
of the study sites. However, the use oflane control signals may exacerbate the problems associated 
with queue jumping approaching lane closures. 

Queue jumping, in many cases, may be avoided through careful design and proper lane balance at 
freeway to freeway interchanges. Of course, with the approaches to construction zones or other 
temporary lane closures and with existing overcapacity ramps and connections, queue jumping may 
be unavoidable. The observances at the work zones on eastbound and westbound LBJ suggest there 
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may be ways to sign the approaches to a lane closure in such a way as to minimize early lane changes 
and promote a more uniform speed and flow in the affected lanes. However, more research at 
construction zone approaches will be needed to form any recommendations to minimize the problems 
associated with queue jumping. 

CONCLUSIONS 

• Long queue jumps (e.g., Loop 12 and Singleton) have a negative impact on overall 
throughput and should be actively discouraged through design or operational means, such as 
improved signal timing at the intersection of Singleton and the Loop 12 frontage road. 

• Unavoidable lane closures, such as found during pavement rehabilitation on LBJ llf635, 
should be signed to delay the vacating of the closing lane until the last moment, to maximize 
throughput. 

• Weaving in congestion appears to be easier and has higher capacity than high speed weaves, 
as shown on southbound llf35E near downtown. 

• Shoulder driving is aggressive driving behavior and should be actively discouraged both by 
occasional enforcement and by installing rumble strips or raised traffic bumps along shoulders. 
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IV. REFINING ANALYTICAL METHODS 
FOR BOTTLENECK ANALYSIS 

Traditional tools have proven to be inadequate for use in simulating or examining congested 
conditions on freeways. In many cases, freeways are operating in congested conditions throughout 
much of the work day. Although engineering judgment and experience are essential in finding 
potential solutions to freeway flow breakdown, fiscal constraints demand an analysis and justification 
of the most elementary solutions. Further, major freeway reconstruction in the future (e.g., lll635, 
LBJ Freeway) will require analysis in terms of congested flow with multiple alternatives. The 
problem faced by the transportation professional is that it is difficult to model or simulate freeway 
congestion, and there is a need for examining and calibrating freeway simulation to identify which is 
best-suited for analyzing congested Dallas freeways. 

PHONE SURVEY 

The primary distributors for the simulation software being examined by this research are the Center 
for Microcomputers in Transportation (McTrans) and PC-TRANS. McTrans distributes 
transportation-related microcomputer software, provides technical assistance, and is a full service 
software support center serving the transportation engineering and planning community. PC-TRANS 
also distributes and provides technical support for a wide range of transportation-related 
microcomputer software. Both distributors were contacted and asked which is the most widely used 
software for macroscopic or microscopic simulation of freeway operations. Both said CORFLO was 
the most widely used macroscopic software and that FRESIM was the most widely used microscopic 
software, as well as the most widely used simulation software overall. McTrans, when asked who 
uses the software, said mostly consultants use FRESIM, while PC-TRANS said that the use of 
FRESIM is fairly uniform among state departments of transportation, research organiz.ations, 
consultants, and local governments. 

TTI contacted the Dallas and Houston districts of TxDOT to determine what was being used to 
analyze freeway operations in congested conditions. At the district level, only the Highway Capacity 
Software has been used for level of service analysis; no simulation of congestion has been done. The 
Houston office of TII has assisted the Houston district by analyzing some corridors with the FREQ 
model. Contact with Parsons Transportation Group and Kimley-Hom and Associates confirmed the 
findings at the state DOT level that simulation modeling is rarely performed, and that FRESIM is the 
primary model chosen for simulating congested conditions. 

CORFLO (7, 8) is a component model of the TRAF simulation system designed for the integrated 
urban network or corridor analysis at a macroscopic level with traffic assignment capabilities. 
CORFLO consists of three submodels: FREFLO, NETFLOI, and NETFL02. FREFLO, a 
macroscopic freeway simulation model, represents traffic in terms of aggregate measures on each 
section of freeway. NETFLO I and NETFL02 simulate urban streets at different levels of detail. 
Each of the submodels can be run independently or on a specific subnetwork. CORFLO, prior to 
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the availability of CORSIM, was the only traffic model to explicitly handle cars, trucks, buses, and 
carpools on freeways and surface streets in a single integrated environment. 

FRESIM (7, 8) is also a component model of the TRAF simulation system. FRESIM, however, is 
designed for microscopic freeway simulation of only freeway networks. The INTRAS model was 
the predecessor to FRESIM. Enhancements included improvements to the geometric and operational 
capabilities of the model. FRESIM can simulate one to five through freeway lanes and one to three 
freeway auxiliary lanes, as well as grades, curves, superelevation, lane additions and drops, incidents, 
and work zones. The operational features include lane changing, ramp metering, surveillance 
systems, six different vehicle types, different driver habits, and warning signs for lane drops, incidents, 
and exits. 

CORSIM is the FHWA's new microscopic simulation model. It is a sophisticated model based on 
the FRESIM and NETSIM models. CORSIM simulates a real-world traffic network by moving 
individual vehicles across a combined surface street and freeway network using accepted vehicle and 
driver behavior models and simulating various traffic control devices. Unfortunately, CORSIM has 
just recently become available and was not included as part of this research. 

ADJUSTMENTS MADE TO FRESIM 

The motivation for pursuing this section of this research report was to make an effort to improve the 
bottleneck analysis methodology. Further, based on previous experience with simulation programs, 
researchers believed that some good could be gained through simulation if it could be incorporated 
into the methodology. Previous experience has also taught that there are problems with the available 
simulation packages when used to model congested freeway conditions. As the survey indicated, 
FRESIM is the most likely package to simulate congested conditions since it is a highly developed 
microscopic simulation package, and the problems with simulating congested conditions seem to be 
the vehicle interactions that take place (i.e., weaving, queue jumping, turbulence, etc.). Microscopic 
simulation would intuitively offer the best tool to capture these interactions. 

Given the results of the survey and previous experience, an effort was made to begin incorporating 
the use of FRESIM in a bottleneck analysis methodology. The first problem was to establish a 
reasonable method of calibrating the model to existing conditions. This is a problem in that the 
existing conditions in bottleneck cases are congested conditions: speeds are low, demand is high, 
recorded volumes are constrained (low), and vehicle interactions are increased. The decision that 
must be made is a procedural one: to adjust the model parameters to meet the observed conditions 
(low speed, low volumes) or to adjust the model input data and allow the model to react as the actual 
freeway does. In the case of bottleneck locations, the most reasonable approach appears to be to 
"overload" the system with volume (which is likely the case, given queuing and latent network 
demand) until the model measures of effectiveness more closely match the observed measures (speed, 
volume). 
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This methodology may not be best in unconstrained conditions where the flow has not broken down. 
In these cases, adjusting the model parameters (headway parameters, etc.) to calibrate to existing 
conditions may be best, using recorded volumes and geometry as inputs. Then the same parameters 
could be used to estimate future operations if changes in geometry are made. This approach does not 
work for constrained conditions. If constrained conditions exist, changing the model parameters to 
match the observed conditions will require "artificially" reducing the capacity of the model by 
changing the model parameters so that the low (constrained) input volumes will result in lower 
simulated speeds. Either method results in constrained simulated conditions, but by "overloading'' 
the system, the user is allowing the simulation package to react to saturated conditions instead of 
artificially constraining the system. 

The next question is how to go about "overloading'' the simulated system. In most cases, bottlenecks 
are a product of small sections where there is an imbalance between demand and capacity, along with 
other elements like weaves, heavy merges, etc. The speed profile that results from these combined 
problems is generally distinct in terms of peaks and valleys. The speed profile is important in helping 
determine where the bottleneck is located, where traffic flow starts recovering, and hopefully if there 
are any minor bottlenecks hidden in the congestion. It is, therefore, important to be able to increase 
volumes such that the simulated speed profile will have the same basic shape as the actual speed 
profile. In other words, it is important to be able to examine section-by-section speeds, not just the 
average speed over the entire bottleneck. In order to meet this need, the methodology begins by 
running FRESIM with the existing geometry and recorded volumes as a base case. Subsequent runs 
are then made, increasing the input volume in 10 percent increments (e.g., base* I.I, base*l.2, etc.) 
until the simulated speed profile most closely matches the actual speed profile. These calibration runs 
are meant to put the simulation tool into constrained conditions and respond by moving as many 
vehicles as possible through at constrained speeds. The assumption in this methodology is that this 
model is basically a robust model and should give reasonable results given the proper inputs. 

It also follows that the volume input to reach the best calibration is then used as input to help 
understand the operations if any geometric changes are made. The calibrated run is used as the new 
"base" case for purposes of comparison. The tool then can be used to judge if a given lane addition, 
auxiliary lane, or weave will improve operations and how much. Again, the calibrated run is used as 
the basis for comparison and only for judging relative improvements, not absolute measures of 
effectiveness. Additionally, the results should be examined for reasonableness using engineering 
judgment. 

CASE STUDIES 

Eastbound LBJ Freeway (1-635) at Central Expressway (US75) 

The following sections present test cases for this methodology at two different bottlenecks located 
in Dallas, Texas. The test cases have both been improved to relieve a bottleneck, and before/after 
data was available. The first case study is a location along the congested ffi63 5 LBJ Freeway in 
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Dallas, Texas. The specific location is eastbound LBJ at the US75 Central Expressway interchange. 
Before conditions included four rnainlanes, with a one-lane merge from Hillcrest, followed by a 
single-lane diverge to Coit, then followed by a one-lane exit to southbound US75 with a lane drop. 
Through the interchange, there is a left-side diverge to northbound US75 and then an entrance from 
northbound US75 with a lane addition, leaving four mainlanes heading east out of the interchange. 
The bottleneck improvement is shown in Figure 7. 

The change in geometry designed to relieve the bottleneck addressed both reasons for the bottleneck. 
First, the lane drop to the southbound US75 exit ramp was removed, and a fourth lane was carried 
through to the northbound exit. There, a lane drop was utilized to better serve the connection. 

The main bottleneck was located between the exit to southbound US75 and the exit to northbound 
US75. This section was just downstream of the lane drop from four to three lanes. Operationally, 
the demand for the southbound exit was not sufficient for a lane drop, while the left-side northbound 
exit had more than enough demand for a lane drop, yet was served only by a diverge. The 
unwarranted lane drop to southbound US75 left too much demand on the three mainlanes 
downstream, exacerbated by the heavy northbound diverge. The bottleneck location is easily 
identified in the speed profile shown on Figure 8, as slow speeds upstream of the section indicate 
queuing, and the increased speeds downstream indicate the excess capacity available downstream of 
the "metered" freeway section. 

A total of five FRESThf runs were made with the "before" improvement geometry, one with the 
recorded flowrates, and four other runs with increased flowrates up to an increase of 40 percent 
(recorded tlowrates*I.4). Again, the idea was to overload the network with volume and let FRESIM 
react to the excess demand, hopefully, in a manner consistent with real-world networks. Figures 8, 
9, and 10 are plots of speed, volume, and an aggregate of speed and volume termed total travel, with 
length of freeway in meters along the x-axis (1 meter= 3 .3 feet). Each plot consists of separate data 
series for the actual before condition, and then one series for each of the FRESIM runs with input 
volume ranging from the actual recorded volume (VI 00) to 140 percent of the recorded volume 
(V140). Also included on the plots are separate series depicting the actual after improvement 
conditions along with the FRESIM results for after improvement. 

The plot of volume versus length of freeway shows several things to support that this approach is a 
reasonable approach and that FRESIM responds to the inputs in a logical manner. First, as input 
volumes are increased for the existing geometry, the FRESIM volume increases until the 40 percent 
increase in volume is used as an input. The results of the V 140 case was that the volume handled by 
FRESIM actually dropped compared to the V130 case. This is an indication that the capacity had 
been exceeded or met, and the network was operating under saturated conditions. Also significant 
in these plots is the fact that the FRESIM after volumes closely match the actual after volumes, again 
supporting the reasonable nature of this methodology. Finally, the shapes of the volume profiles are 
all very similar with a general shift upward where input volumes were increased, supporting the 
nature in which input volumes are scaled upward in percentage increments. 
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The plot of speeds versus length of freeway is a more significant plot since this is one of the primary 
measures of effectiveness used in operational analysis. The series on the speed plot represent the same 
series included on the volume plot: actual speed before improvement, five FRESIM speed plots for 
before improvement (Vl00-Vl40), actual speed after improvement, and two after-improvement 
speed profiles. 

The calibration speed plots (before improvement) indicate several things that support this 
methodology. First, as is expected, FRESIM speeds generally decrease as the input volume is 
increased. However, for the Vl 00 case through the Vl30 case, the entry boundary condition does 
not match the actual speed. This corresponds to the results of the volume plot that indicated volumes 
continuing to increase through the Vl30 case (indicating non-saturated conditions). However, the 
boundary speed for the Vl40 case matches the actual entry speed much more closely, further 
supporting that fully-saturated conditions were met. 

The speed plots for after conditions showed similar trends to the calibration speed plots. As input 
volume is increased, speeds decrease. However, it seems as though FRESIM lacks the sensitivity to 
model the complex vehicle interactions in place after the bottleneck improvement. Again, the entry 
boundary condition is not met accurately. However, all profiles, including the after-improvement 
profiles, match the actual profiles surprisingly well at the bottleneck and downstream. This is an area 
where judgment needs to be used to determine ifthe FRESIM results seem reasonable or if there is 
simply a problem meeting the boundary conditions. 

The final set of plots is of a measure termed total travel which is an aggregate of speed and volume. 
Total travel is being explored as an appropriate measure since it may capture the benefits of 
bottleneck improvements when significant latent demand exists in the network. Under these 
conditions, speeds may not improve significantly, but more motorists may be using the freeway, 
reducing their travel times. By accounting for speed and volume, total travel may capture some of 
these hidden :benefits. 

The plots on Figure 10 represent the total travel for the actual recorded data before and after 
improvement and the FRESIM runs using the different input volume cases. These plots reveal some 
of the advantages and disadvantages of using total travel as a measure of effectiveness. First, it is 
evident that when the volume profiles match the true volume plots reasonably well, the shape of the 
speed profiles dominate the shape of the total travel profile. It is also evident that the boundary 
conditions of the different series are controlled by the volume data. Hence, the shape of the profile 
is controlled more by speed, in this case, and the magnitude of the total travel values is controlled 
more by volume. These observations may not hold true in more complex, more highly saturated 
cases. In this case, it appears that an examination of the volume and speed separately is a better 
approach. 

This case study was a relatively simple bottleneck improvement that moved a lane drop from one 
exit ramp downstream to the next exit ramp. The bottleneck location was well-defined in the 
freeway system, and the improvement was evident as speeds went up noticeably. In this case, the 
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volume and speed profiles for the FRESIM runs matched the actual profiles reasonably well at the 
appropriate volume level. It appears that this methodology for analysis would have worked 
reasonably well for the before/after analysis, provided the appropriate volume level was reached (i.e., 
increase input volume until the output volume stops increasing). It is also important to remember that 
a base case (the calibrated case with before-improvement geometry) would be used as a means of 
comparison for any alternatives being considered. Although the absolute values for speed may not 
be reliable enough at this point of model development for projecting monetary benefits, relative 
changes in operation can be estimated using this methodology. 

Northbound Stemmons (IH35E) near Dallas CBD 

The second case study was a more complex bottleneck located along northbound lll35E Stemmons 
Freeway near the Dallas CBD (see Figure 11). The bottleneck location is located in the middle of 
the junction of northbound Stemmons, eastbound lll30, westbound Woodall Rodgers, and 
northbound Dallas North Tollway, all major links in the CBD loop. The main problem with this 
section of freeway is that all of these movements are made up of a significant number of through 
commuters, meaning they are just traveling through this area on their way to and from work. This 
creates a large demand on the system at this one junction point. Further, at the downstream end of 
the bottleneck section, there is a heavy exit to the Dallas North Tollway. In summary, there are three 
high volume approaches to the bottleneck with multiple heavy points of egress, creating a saturated 
freeway section with multiple points of conflict and vehicle interaction. 

The improvement intended to remove the bottleneck was to add a lane from the eastbound lll30 
entrance ramp to the Continental exit ramp, and then add another lane from the westbound Woodall 
Rodgers entrance ramp to the Dallas North Tollway exit ramp. The primary benefit of this bottleneck 
was an improvement in operation from eastbound lll30 and westbound Woodall Rodgers. Where 
the eastbound IIDO entrance was forced to merge before, it would be given its own lane, and the 
same improvement was made to the Woodall Rodgers entrance ramp. This type of improvement 
basically serves merging and diverging operations but does not create new capacity for through 
volume. So, the improvement made operations from Ilf.30 to downtown, from Woodall Rodgers and 
to the Dallas North Tollway smoother and safer but did not significantly increase the overall through 
volume. Again, these improvements were intended to improve the operations from IIDO and 
Woodall Rodgers, and those operations did improve and are much smoother. Figure 11 shows the 
bottleneck improvement. 
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As was done for the first case study, plots were made for volume, speed, and total travel for both 
before improvement and after improvement conditions. However, whereas the actual recorded 
volwnes seem to be sufficient to place FRESIM into saturated conditions, only two increments were 
made to the input volumes. Figure 12 is a plot of the six different volume profiles: before­
improvement recorded volume, three before-improvement FRESIM output volwne plots using three 
levels of input volwne (V100-V120), after-improvement geometry with recorded volume, and after­
improvement FRESIM output volume using the last volume case as input (V120). Similar 
observations can be made for these volume plots as were made for the first case study. First, the 
shape of the volume profiles follow the recorded volwne profiles reasonably well. In this case, 
however, the magnitude ofFRESIM output volume is consistently lower than the recorded volume, 
and the FRESIM output volume for the three before-improvement runs do not increase noticeably 
despite an increase in input volume. Again, this indicates that the FRESIM network was saturated, 
that it could not handle any additional volume, and that any further increases in the input volwne 
would simply result in longer queues at the entTy nodes. Another observation concerning reaching 
saturation on the network is that when additional capacity is provided, there is sufficient latent 
demand in the system to :fill it up. Examination of the actual after volume compared to the FRESIM 
after volume supports the claim that both are saturated. 

Figure 13 shows a series of speed profiles for the different actual and FRESIM scenarios. First, it is 
apparent that the FRESIM output speeds match the general shape of the actual speed profiles 
reasonably well. Although the speeds are consistently over-predicted by FRESIM, the speeds seem 
to reflect what is actually happening operationally. Second, the speeds for the three before­
improvement FRESIM cases did not change noticeably, indicating saturated conditions for each of 
the input volume levels. Equally important is that the speed profile for the after-improvement 
FRESIM run matches the shape and magnitude of the actual after-speed profile reasonably well. 
Again, these speed profiles offer support to the use of the "overloading" methodology for the use of 
FRESIM in bottleneck work. 

Finally, Figure 14 is a plot of the total travel for the actual before-improvement, three FRESIM 
runs before-improvement, actual after-improvement, and the FRESIM run with the after­
improvement geometry. Overall, these total travel profiles all follow the same general shape and are 
reasonably close in magnitude. It is important to note that the relative difference of these plots (actual 
vs. FRESIM) are basically the same. In other words, the difference in actual before and after total 
travel are about the same as the difference in FRESIM before and after total travel. Again, this lends 
support to the idea of using a FRESIM base case (before improvement) as a basis for alternative 
comparison instead of using the actual before improvement as the base case. 
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DISCUSSION OF CASE STUDIES 

The case studies that have been discussed are ideal for research study in that before and after­
improvement data are available for analysis. The practitioner can use both data sets as guides to what 
does and does not work when using computer simulation. However, real-world applications involve 
only before data and a set of possible after-improvement geometry scenarios. The problem that faces 
the engineer in these cases is whether or not the simulated after-improvement measures of 
effectiveness are reliable. It is apparent through analysis of the case studies that the simulated speeds 
reasonably reflect the actual after speeds. In all cases, bottleneck locations will operate under 
saturated conditions, and it is important to calibrate FRES™ to reflect those conditions. Further, 
it is important to restate that the calibrated before-improvement case should be used as the base case 
for comparison. The relative improvement should be compared for each alternative to help in 
understanding what will and will not work to relieve the bottleneck, and which alternative will 
provide the most relief At this stage of FRES™ development, the results do not lend themselves 
to use in determining absolute benefits after the improvement is made. The results do not appear 
reliably accurate for this application. In other words, the FRES™ outputs are consistent and 
reasonable from an intuitive standpoint, but not necessarily accurate in terms of absolute measures 
of effectiveness. 

Although a discussion of this methodology has been given in previous paragraphs, a summary of the 
use of FRES™ in congested conditions is useful. First, accurate before data, including volume, 
geometry, and speed data, are necessary. Also, an understanding of the operation of the bottleneck 
is necessary to lend engineering judgment to the analysis and to make sure the FRES™ measures of 
effectiveness make sense. 

The calibration of the model should be performed as an iterative process. It is proposed in this 
methodology that an "overloading" process be used to ensure that saturated conditions are being 
modeled (recorded volumes will be constrained and, if used as direct input, will not result in saturated 
simulation conditions). The approach used in this research was to first use the recorded volumes as 
inputs (which will likely result in uncongested conditions). Subsequent simulation runs will use 
increments of the recorded volumes as inputs (e.g., in 10 percent increments). Eventually, the 
FRES™ output volumes will stop increasing, indicating saturated conditions. Comparison of the 
FRESIM output speeds should match the actual before speeds reasonably well (if they do not, 
adjustments to FRES™ model parameters may be explored). This should serve as the base case for 
comparing the relative improvement with different bottleneck removal alternatives. The level of 
volume input should be used as input to test the relative improvement with different alternatives. In 
other words, once the model is calibrated to existing conditions, the geometry is changed, using the 
same volume inputs, to test the merits of different alternatives. 

As has been discussed, there is some doubt as to the reliability of the absolute measures of 
effectiveness reported by FRES™. There is evidence that provides good reason to use FRES™ for 
helping compare different sets of alternatives, given some baseline FRES™ run as standard. Similar 
evidence is not apparent for the use of FRESIM to absolutely predict the benefits of a given 
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improvement. One reason for this is that if the calibration is off slightly, the measures of 
effectiveness output from FRESIM for bottleneck improvement options will also be off. However, 
for comparison of the different alternatives, a minor error in calibration should not be as critical as 
they will all be based on the same calibration. In other words, if absolute certainty of calibration was 
possible, it might be more reasonable to use FRESIM as a means to estimate benefits. But, since 
future conditions are unknown, it should most reasonably be used only to compare different 
construction alternatives. 

CONCLUSIONS 

• Collection of adequate geometry and volume data should be conducted if quality simulation 
results are expected. 

• It is important to use some method of achieving model outputs for a base case that 
reasonably match the existing conditions. 

• It appears that a reasonable approach for "calibrating" the model to congested existing 
operations is by overloading the network (since recorded volumes will be constrained) and 
allowing the model to react to the excess demand. 

• A proposed methodology for overloading the model is to scale recorded volumes up to a 
point where the network is saturated (e.g., in ten percent increments). 

• At the current level of development, FRESIM does not appear to be adequately reliable for 
estimating absolute future benefits for a freeway bottleneck removal project. 

• The use of FRESIM as a simulation tool in bottleneck analysis is reasonable for use in the 
selection of the best alternative. 
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V. RELIABILITY OF BENEFIT ESTIMATES 
FOR BOTTLENECK IMPROVEMENTS 

It is generally accepted that bottleneck removal projects are worthwhile and contribute to better 
overall freeway flow. However, simply acknowledging that these types of projects are beneficial is 
not sufficient in terms of fund allocation. It is important to have a methodology to estimate the 
benefits of a project based on some projected performance improvement. These types of estimates 
rely almost entirely on the assumptions made in their calculation. For instance, one methodology 
might be to assume a percentage increase in speed, based on previous experience, or to use a 
simulation program to estimate after-construction speeds as the basis for benefit estimation. 
Whatever the methodology, the reliability of the estimate is only as sound or reliable as the 
assumptions upon which they are based. The objective of this portion of the research project was to 
examine the traditional approaches to estimating benefits, examine a case study of before/after 
performance at a bottleneck location, and offer some recommendations to help in the estimation of 
benefits. 

APPROACH FOR ASSESSING THE BENEFITS OF BOTTLENECK IMPROVEMENTS 

Traditional benefit/cost analysis for bottleneck improvements uses delay as its basis, assigning a 
certain value to person or vehicle hours of delay. The problem with this methodology, in certain 
instances, is that the assumptions or methodology used to estimate future speeds (and travel times) 
may tum out to be inaccurate. As was shown above, even the best simulation models can have 
varying results, depending on the quality of the calibration. Additionally, the after-construction 
improvements may not be evident in the data In an effort to examine this problem, a case study of 
the northbound IH35E bottleneck improvement was performed. The following paragraphs describe 
that case study and the findings of this portion of the research. 

Case Study: Northbound ffi35E (Stemmons) Bottleneck Improvement 

The geometrics of this case study were presented above in Figure 11. The methodology used for 
determining benefits for this bottleneck improvement was to look at speeds and volumes for the 
before and after cases for different approaches and different freeway sections. In most cases, the 
speeds changed very little, but volumes increased in almost every case. This can be explained by the 
nature of the improvement (adding auxiliary lanes or short sections ofmainlane in strategic places) 
and in the fact that there was sufficient latent demand on the network to "fill in the gaps" created by 
the added capacity. The problem with determining appropriate benefits, before or after the 
improvement is actually made, is that the latent demand increases the volume on the freeway but 
keeps speeds from increasing. There is obviously some benefit being provided to those drivers that 
either were using a different facility before the improvement or were waiting in queues on the 
freeway. A methodology for assigning some monetary value to that benefit, or to determine whether 
or not this is possible, is the focus of this case study. 
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Table 3. Northbound ffi35E Stemmons Before and After Bottleneck Evaluation: 
Morning Peak Period 

Roadway 
Measures of Effectiveness Before After Percent 

(11%) (3197) Chanee 

NBIB35E 
Average Speed (kph (mph)) 37 (23) 36 (22) -2.CJO/o 

SRLTto Volume (vehicles) 9,266 10,101 9.0% 
Stemmons 
(NB to NB) Total travel 342,800 (213,000) 363,600 (225,700) 5.8% 

(veh-koh (veh-mph)) 

EBmJo Average Speed (kph (mph)) 66 (41) 60 (37) -8.8°/o 
to 

Stemmons Volume (vehicles) 5,429 6,900 27.1% 

(EB to NB) Total travel 358,300 (222,600) 414,000 (257,200) 16.0% 
(veh-koh (veh-moh)) 

WBmJO 
Average Speed (kph (mph)) 41 (25) 45 (28) 11% 

to Volume (vehicles) 8,335 8,393 0.7% 
Stemmons 

(WBtoNB) Total travel 341,700 (212,300) 377,700 (234,700) 11.9°/o 
(veh-koh (veh-mph)) 

NBm3SE: Average Speed (kph (mph)) 38 (24) 34 (21) -11% 
EBm30Ent. 

to Volume (vehicles) 26,594 30,241 13.7% 

Woodall Rodgers Total travel 1,010,600 (628,000) 1,028,200 (638,900) 1.4% 
(veh-knh (veh-moh)) 

Woodall Rodgers Average Speed (kph (mph)) 51 (32) 67 (42) 31% 
to 

Stemmons Volume (vehicles) 8,367 9,249 10.5% 

(WBtoNB) Total travel 426, 700 (265, 100) 619,700 (385,100) 44.8% 
(veh-koh (veh-mph)) 

NBIB35E: Average Speed (kph (mph)) 54 (34) 52 (32) -3.3% 
Woodall Rodgers 

Volume (vehicles) 19,423 22,176 14.2% to 
NBDNTExit Total travel 1,040,900 (646,800) 1,148,800 (713,800) 10.4% 

(veh-kph (veh-mph)) 

Table 3 contains the before and after measures of effectiveness for the northbound Stemmons 
bottleneck project. Each of the four freeway approaches are represented in the table. Again, it is 
important to note that this bottleneck improvement was primarily intended to improve operations 
on the eastbound IH30 and Woodall Rodgers approaches. Most importantly in the table are the 
values indicated for before and after speeds and volumes for each approach. Traditionally, the 
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before-improvement speed would be recorded and the after speed estimated. The changes in these 
speeds would then be used for each section to estimate the benefit to be derived from the project and 
to compare the benefit to the estimated cost. It was initially expected that all approaches and 
northbound 1H35E would be improved. The actual result was that volumes went up on all segments, 
but speeds only went up on two of the approaches. Therefore, it is more appropriate to assign 
benefits based on the increase in volume on the freeway. In other words, there was latent demand 
on the surrounding network or in queues that contributed to the additional volume while keeping 
speeds at before-improvement levels. 

The real problem is that speed, or travel time, can be used to determine delay savings, which can be 
converted to a monetary benefit. In.cases where there is sufficient latent demand that speeds do not 
increase through the bottleneck (but some benefit is being derived by the motorists who could not 
get through before the improvement), the problem is how to assess the level of benefit. It may be 
apparent visually and by inspecting the before and after data that some improvement was made, but 
monetary benefits need to be assessed. 

One option is to assume some before speed (be it sitting in queue or on an arterial) for the motorists 
who were able to use the facility after the improvement was made. If you assume that the motorists 
were sitting still, then a benefit can be assessed based on the after-improvement average speed and 
the additional volume. 

Another option would be to use a different measure of effectiveness that takes into account both 
speed and volume. One measure that is available is termed total travel and is simply the product of 
speed and volume. The problem with using another measure of effectiveness is that any improvement 
is not easily converted to monetary benefits. 

For examples of the merits of using an aggregate measure of effectiveness, Table 3 reports total travel 
in vehicle distance per hour. It is obvious that the use of total travel captures any improvement in 
speed that may take place but also includes any vehicles that were not able to get through the 
bottleneck before improvement. Again, although this may capture any capacity benefits provided by 
the bottleneck improvement, it is difficult to assign a monetary value to total travel. 

The bottleneck improvement used for this case study is a complex example of a bottleneck 
improvement. First, there were actually a series of bottlenecks causing congestion (the merge at the 
eastbound 1H30 entrance ramp, the merge at the Woodall Rodgers entrance, and a deficiency in the 
number of through lanes). Only two of these problems were addressed by this bottleneck 
improvement project. Second, there is sufficient demand on this network to justify a new freeway, 
which is in the planning stages. Some motorists sit in queues on a daily basis, and others use the 
arterial network to bypass this section of Stemmons. It was, therefore, quite difficult to estimate what 
the benefits of this bottleneck would have been beforehand, and likewise difficult to assess benefits 
after construction. The best description of the improvement is that more people are using the 
freeway, and that we can assume the additional motorists are gaining some benefit over the before­
construction conditions. 
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DISCUSSION OF BENEFIT ESTIMATES 

It is obvious after examining the northbound IH35E bottleneck project that assessing benefits is not 
always as simple as collecting speeds and assessing a dollar value to the delay savings. This 
methodology may work quite well for simpler bottleneck projects where the demand is not as high 
and removal of the bottleneck is obvious. However, the traditional benefit-cost analysis does not 
always work out for reasons described earlier. The benefits are apparent to the motorist as fl.ow is 
improved and operations seem safer. But the real benefit to the system is that more motorists are 
using the appropriate facility for their commuting trip. So, delay savings may be assessed to those 
motorists who could not use the facility before the improvement, assuming that they were stopped 
(or traveling slowly) before the improvement. The only other alternative would be to adopt the use 
of some other measure of effectiveness to assess the benefit. 

Some bottleneck improvement projects may not work as well as the designer intended due to 
influences such as latent demand or hidden bottlenecks within the system. But when motorists report 
improved conditions after the improvement is made (as was the case with the Stemmons bottleneck), 
it is necessary to try and understand why the data reflect little or no improvement. One explanation 
is that the improvement allowed additional motorists on certain approaches to enter the facility. 
These motorists see an improvement because they are moving on the freeway instead of sitting in a 
queue on the approach ramp. It is logical to examine the benefits in these terms and realize that the 
demand on the system is such that no small bottleneck improvement will result in free fl.ow 
conditions, but that the improvement does result in smoother flow and a benefit to some of the 
motorists. Otherwise, some monetary value for increased total travel needs to be developed as part 
of future research. 

CONCLUSIONS 

• "Before" data needs to be collected beginning outside the region of congestion, both temporal 
and spatial. 

• Speed and volume data on alternate routes should be collected. 

• "After" data should be collected the same way as "before" data. 

• Increased volumes should be assessed benefits based on the average speed of the alternate 
routes. 

• Original volumes should be assessed benefits based on speed increases or decreases. 

• Throughput increases should be identified, even without monetary benefits. 
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APPENDIX A: SITE DAT A 
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Site Location 1: The branch connection with inside merge of Southbound IH35E Stemmons and 
Eastbound SH183. IH35E and SH183 are three lanes each approaching the merge and continue 
beyond the merge as five lanes. The outside lane ofIH35E and the inside lane of SH183 continue 
as the middle lane after the merge. The SH183 approach peaks in the morning. The IH35E approach 
peaks in the evening; however, the overall peak is in the morning. 

Problems observed: 
Driver lane choice. 
Congestion in the morning peak. 
Weaving from IH35E to the first down stream exit to Commonwealth. 

Videotaped from the nearby building. 

From Video: · 
Counted each lane prior to merge and downstream of merge. 
Counted vehicles weaving from IH35E to Commonwealth. 
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Analysis of Branch Connection of SH183 and IH35E -With Inside Merge 

Site Location 1 

Travel Times Average Estimated Travel Speeds (mph) Length• 1210 Average 
Time AM Lane 1 Lane2 Lane3 Lane4 Lane 5 Lane6 All-lanes Time AM Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lanes All-Janes 

7:15 13.97 15.SS 18.02 18.S 20.29 19.29 17.S3833 7:15 59 53 4S 44 41 43 47 
7:20 13.56 15.34 16.29 17.63 20.53 20.S8 17.33833 7:20 61 54 51 47 40 40 48 
7:25 12.83 15.83 15.48 17.1S 17.5 19.S4 1S.40667 7:25 64 52 53 48 47 42 50 
7:30 13.48 15.58 16.44 14.8S 17.4 21.57 16.521S7 7:30 S1 53 50 5S 47 38 50 
7:35 14.34 16.43 18.83 15.82 18.55 20.47 17.37333 7:35 58 50 44 52 44 40 47 
7:40 13.66 16.71 19.59 19.16 24.04 25.03 19.69833 7:40 so 49 42 43 34 33 42 
7:45 13.26 16.88 16.09 20.3 19.6 19.86 17.665 7:45 82 49 51 41 42 42 47 
7:50 14.18 12.74 17.34 16.97 18.7 18.89 18.43333 7:50 58 S5 48 49 44 44 50 
7:55 13.89 18.99 17.45 18.79 18.58 17.15 17.14187 7:55 59 49 47 44 44 48 48 
8:00 12.55 18.43 14.74 16.23 19.33 18.23 1S.25187 8:00 66 so SS 51 43 45 51 
8:05 14.74 15.88 21.21 20.74 22.23 20.37 19.19187 8:05 56 52 39 40 37 41 43 
8:10 14.41 18.63 16.53 19.33 19.3 19.63 17.67167 8:10 57 50 50 43 43 42 47 
8:15 14.77 18.31 17.14 16.38 20.47 19.82 18.14833 8:15 5S 45 48 45 40 42 45 
8:20 13.25 17.03 20.86 23.38 18.67 21.7S 19.15833 8:20 S2 48 40 35 44 38 43 
8:25 13.23 14.91 19.74 17.93 18.88 21.15 17.64 8:25 S2 55 42 4S 44 39 47 
8:30 12.07 14.07 17.2 17.37 22.81 22.14 17.S1 8:30 68 59 48 47 36 37 47 
8:35 14.96 15.19 20.63 20.17 19.03 20.13 18.35167 8:35 55 54 40 41 43 41 45 
8:40 14.83 14.83 16.24 18.55 19.27 21.54 17.51 8:40 56 56 51 44 43 38 47 
8:45 13.15 14.75 19.49 17.73 17.25 20.84 17.20167 8:45 63 56 42 47 48 40 46 

Vt 8:50 13.87 16.32 15.13 17.24 18.74 20.63 16.98833 8:50 59 51 55 48 44 40 49 w 8:55 14.56 15.47 17.74 17.03 19.19 17.78 16.96167 8:55 57 53 47 48 43 4S 49 
9:00 13.1 13.88 15.87 15.03 16.47 20.21 15.76 9:00 63 59 52 55 50 41 52 

13.74727 60 

Time AM Average Travel Times Average Time AM Average Estimated Travel Speeds Average 
Lane 1 Lane2 Lane 3 Lane4 Lane 5 Lane 6 All-lanes Lane 1 Lane 2 Lane 3 Lane4 Lane 5 Lanes All-lanes 

7:15-7:30 13.45333 15.61 16.59667 17.79667 19.44 19.67 17.12778 7: 15-7:30 61 53 50 46 42 42 48 
7:30·7:45 13.82667 16.24 16.22 16.54667 19.99667 22.35667 17.86444 7:30·7:45 60 51 45 50 41 37 46 
7:45-6:00 13.77 15.53667 16.96 18.S8667 18.96 18.5S6S7 17.08 7:45-8:00 60 53 49 44 44 44 48 
8:00-8:15 13.9 16.30667 17.49333 18.76667 20.28667 19.47667 17.705 8:00-8:15 59 51 47 44 41 42 47 
8:15-6:30 13.75 16.75 19.24667 19.69667 19.34 20.91 18.31556 8:15-8:30 60 49 43 41 43 39 45 
8:30-8:45 13.88667 14.69667 18.02333 18.89687 20.37 21.27 17.82389 8:30..8:45 59 SS 46 44 41 39 46 
8:45-9:00 13.86 15.51333 17.45333 17.33333 18.39333 19.75 17.05058 8:45-9:00 60 53 47 48 45 42 48 
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Site Location 2: The double sided weave from the westbound Woodall Rodgers entrance ramp onto 
and across the southbound IH35E main lanes to the left side exit ramp to westbound IH30. The 
westbound Woodall Rodgers entrance ramp is a lane addition on the outside of the four main lanes 
of southbound IH35E to make a five lane section. The inside lane becomes an exit only lane to 
westbound IH30. The weaving section is about 900 m (3000 ft) in length. The Continental Ave. 
entrance ramp is on the outside about 300 m (1000 ft) south of the entrance from Woodall Rodgers. 
The Elm St. entrance is a lane addition on the inside about 300 m (1000 ft) upstream of the exit ramp 
to westbound IH30. 

Problems observed: 
Congestion in the evening peak. 
Large amount of lane changing and weaving in congestion. 
Bypassing queue in the outer four through lanes by using the inside exit lane. 

Videotaped from Woodall Rodgers eastbound lanes looking south and from the Criminal Courts 
garage looking south. 

From Woodall Rodgers Video: 
Counted volume in each lane. 
Counted amount oflane changes. 
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Analysis of Double sided Weave from Woodall Rodgers on Southbound IH35E to Westbound IH30 

Site location 2 

Speed Analysis 

TmePM Travel Times (Seconds) Travel Speeds (MPH) 

Lane2 Lane3 Lane4 Lane5 Average Lane2 Lane3 Lane4 Lane5 Average 
4:30 26 19 34 33 28 23.6014 32.29665 18.04813 18.59504 21.91558 
4:35 52 32 38 36 39.5 11.8007 19.17614 16.14833 17.04545 15.5351 
4:40 19 21 14 14 17 32.29665 29.22078 43.83117 43.83117 36.09626 
4:45 13 14 13 11 12.75 47.2028 43.83117 47.2028 55.78512 48.12834 
4:50 33 21 31 39 31 18.59504 29.22078 19.79472 15.73427 19.79472 
4:55 27 36 39 43 36.25 22.72727 17.04545 15.73427 14.27061 16.9279 
5:00 34 32 28 34 32 18.04813 19.17614 21.91558 18.04813 19.17614 
5:05 49 45 28 24 36.5 12.52319 13.63636 21.91558 25.56818 16.81196 
5:10 43 25 26 26 30 14.27061 24.54545 23.6014 23.6014 20.45455 
5:15 63 39 84 62 62 9.74026 15.73427 7.305195 9.897361 9.897361 
5:20 55 35 34 49 43.25 11.15702 17.53247 18.04813 12.52319 14.18812 
5:25 33 41 54 72 50 18.59504 14.96674 11.36364 8.522727 12.27273 
5:30 45 40 30 36 37.75 13.63636 15.34091 20.45455 17.04545 16.25527 
5:35 52 38 21 43 38.5 11.8007 16.14833 29.22078 14.27061 15.93861 
5:40 65 41 27 33 41.5 9.440559 14.96674 22.72727 18.59504 14.78642 
5:45 20 15 16 14 16.25 30.68182 40.90909 38.35227 43.83117 37.76224 
5:50 35 17 11 14 19.25 17.53247 36.09626 55.78512 43.83117 31.87721 
5:55 18 16 18 13 16.25 34.09091 38.35227 34.09091 47.2028 37.76224 
6:00 11 11 12 11 11.25 55.78512 55.78512 51.13636 55.78512 54.54545 
6:05 10 12 11 15 12 61.36364 51.13636 55.78512 40.90909 51.13636 
6:10 10 10 10 10 10 61.36364 61.36364 61.36364 61.36364 61.36364 
6:15 14 11 10 10 11.25 43.83117 55.78512 61.36364 61.36364 54.54545 
6:20 12 10 10 10 10.5 51.13636 61.36364 61.36364 61.36364 58.44156 
6:25 11 12 11 10 11 55.78512 51.13636 55.78512 61.36364 55.78512 
6:30 9 9 11 11 10 68.18182 68.18182 55.78512 55.78512 61.36364 

Distance 900 900 900 900 900 

Time PM Average Travel Time (Seconds/Vehicle) Average Travel $peed (MPH) 
Lane 2 Lane3 t.ane4 Lanes Average Lane2 Lane3 Lane4 1.anes Average 

4:30-4:45 32.33333 24 28.66667 27.66667 28.16667 18.97844 25.56818 21.40592 22.17963 21.78591 
4:45-5:00 24.33333 23.66667 27.66667 31 26.66667 25.21793 25.9283 22.17963 19.79472 23.01136 
5:00-5:15 42 34 27.33333 28 32.83333 14.61039 18.04813 22.45011 21.91558 18.68943 
5:15-5:30 50.33333 38.33333 57.33333 61 51.75 12.19145 16.00791 10.70296 10.05961 11.85771 
5:30-5:45 54 39.66667 26 37.33333 39.25 11.36364 15.46982 23.6014 16.43669 15.63405 
5:45-6:00 24.33333 16 15 13.66667 17.25 25.21793 38.35227 40.90909 44.90022 35.57312 
6:00-6:15 10.33333 11 11 12 11.08333 59.38416 55.78512 55.78512 51.13636 55.36569 
6:15-6:30 12.33333 11 10.33333 10 10.91667 49.7543 55.78512 59.38416 61.36364 56.21096 
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Site Location 3: Major fork from northbound SRLT Il:I35E to northbound Stemmons Il:I35E and 
to eastbound ERL T IlDO. The five lane section of northbound SRL T Il:I35E over the Trinity River 
splits into a two lane connection to northbound Stemmons Il:I3 SE on the inside and three lane 
connection to the Canyon and eastbound ERL T Il:I30 on the outside. There is no option lane. 

Problems Observed: 
Congestion in the morning. 
Bypassing queue in the inside lanes from the middle lane. 
Different speeds on inside two lanes and outside three lanes. 

Videotaped from the diverge gore from behind crash barriers. 

From video: 
Counted volume in adjacent lanes - middle and middle inside. 
Counted number of vehicles that cross gore. 
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Analysis of Diverge from Northbound SRL T IH35E to Northbound IH35E and Eastbound IH 

Site location 3 6-Mar-97 

Time AM Lane2 Lane3 Crossing Gore 
Cars Trucks Total Cars Trucks Total From Lane 3 to 2 % 

8:00-8:05 56 10 66 50 1 51 4 6.06% 
8:05-8:10 44 6 50 63 2 65 2 4.00% 
8:10-8:15 41 0 41 51 1 52 3 7.32% 

8:15-8:20 73 2 75 52 0 52 3 4.00% 
8:20-8:25 63 3 66 42 1 43 2 3.03% 
8:25-8:30 107 9 116 56 2 58 3 2.59% 
8:30-8:36 124 3 127 60 3 63 5 3.94% 

Site location 3 1-May-97 

Time AM Lane2 Lane 3 Crossing Gore 
Cars Trucks Total Cars Trucks Total From Lane 3 to 2 % 

7:00-7:05 114 8 122 51 3 54 1 0.82% 
7:05-7:10 116 3 119 51 0 51 1 0.84% 
7:10-7:15 93 8 101 65 0 65 2 1.98% 
7:15-7:20 118 10 128 69 1 70 1 0.78% 
7:20-7:25 114 8 122 75 0 75 3 2.46% 
7:25-7:30 111 7 118 89 1 90 2 1.69% 
7:30-7:35 90 8 98 90 0 90 1 1.02% 
7:35-8:40 105 3 108 76 3 79 3 2.78% 
7:40-7:45 86 8 94 73 3 76 4 4.26% 
7:45-7:50 108 9 117 95 1 96 2 1.71% 
7:50-7:55 96 6 102 87 5 92 3 2.94% 
7:55-8:00 118 6 124 74 0 74 2 1.61% 
8:00-8:05 121 14 135 87 0 87 0.74% 
8:05-8:10 117 4 121 69 2 71 1 0.83% 
8:10-8:15 130 1 131 63 0 63 0 0.00% 
8:15-8:20 104 17 121 65 66 2 1.65% 
8:20-8:25 136 10 146 60 1 61 0 0.00% 
8:25-8:30 124 10 134 40 2 42 3 2.24% 
8:30-8:35 134 11 145 43 4 47 0 0.00% 
8:35-8:40 151 7 158 46 3 49 1 0.63% 
8:40-8:45 126 7 133 49 3 52 2 1.50% 
8:45-8:50 135 12 147 55 2 57 3 2.04% 
8:50-8:55 120 13 133 48 4 52 0 0.00% 
8:55-9:00 134 6 140 38 2 40 0.71% 
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Site Location 4: Exit to northbound DNT from northbound Stemmons IH35E. The exit to 
northbound DNT is a standard tapered exit ramp on the outside of the five lane section of northbound 
Stemmons IH35E - before bottleneck improvement. 

Problems observed: 
High exiting volume in the evening. 
Queue in the outside lane prior to the exit. 
Some vehicles exiting from middle outside lane to bypass queue in outside lane. 

Videotaped from Reunion tower looking north. 

From Video: 
Counted volume in each lane and on the exit ramp. 
Counted the number of exiting vehicles from middle outside lane. 
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Analysis of Northbound Stemmons IH35E and Exit to Northbound ONT 

Site location 4 Tape from Reunion Tower 7/30/96 

Time PM Lane 1 Lane 2 Lane 3 
Cars Trucks Total Cars Trucks Total Cars Trucks Total 

4:45-5:00 512 21 533 606 48 654 588 57 645 
5:00-5:15 653 29 682 648 40 688 607 46 653 
5:15-5:30 508 37 545 657 43 700 619 55 674 
5:30-5:45 510 49 559 655 38 693 695 48 743 
5:45-6:00 435 31 466 580 41 621 534 46 580 
6:00-6:15 
6:15-6:30 493 30 523 652 49 701 567 51 618 

Time PM Lane 4 (before exit) Lane 5 (before exit) Exit to DNT (counted on ramp) 
Cars Trucks Total Cars Trucks Total Cars Trucks Total 

0\ 
4:45-5:00 376 23 399 437 2 439 -..J 

5:00-5:15 347 26 373 495 16 511 423 6 429 
5:15-5:30 354 16 370 460 18 478 367 7 374 
5:30-5:45 353 23 376 445 21 466 394 5 399 
5:45-6:00 321 21 342 371 19 390 340 9 349 
6:00-6:15 
6:15-6:30 284 25 309 388 24 412 429 12 441 

Time PM Exit from lane 4 
Cars Trucks Total Peak Hour % of Trucks Cars Trucks Total 

4:45-5:00 0 25 1 26 
5:00-5:15 2750 157 2907 10910 5.40% 24 0 24 
5:15-5:30 2598 169 2767 6.11% 15 0 15 
5:30-5:45 2658 179 2837 6.31% 6 0 6 
5:45-6:00 2241 158 2399 6.59% 5 0 5 
6:00-6:15 
6:15-6:30 2384 179 2563 6.98% 7 0 7 



Analysis of Exit to NB ONT from NB IH35E 
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Site Location 5: The entrance ramp from eastbowid 1H30 to northbound Stemmons IH3 SE - before 
bottleneck improvement. The direct connection from eastbound IlDO is two lanes, and the outside 
lane connects to Commerce St. - downtown, and the inside lane connects to the four main lanes of 
northbowid Stemmons IH35E. The connection to northbound Stemmons IH35E is non standard 
tapered entrance ramp. The entrance is followed downstream at about 150 m (500 ft) by an entrance 
ramp to an auxiliary lane from Commerce St. 

Problems observed: 
Congestion in the morning peak period. 
Bypassing queue in the inside lane of the ramp connection from the outside lane. 
Driving on shoulder from the outside lane of the ramp connection to the downstream auxiliary 
lane. 

Videotaped from Reunion Tower. 

From video: 
Counted volume in each lane of the connection and main lanes. 
Counted volume from outside lane entering IH35E. 
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Analysis of Northbound Stemmons IH35E and Entrance from Eastbound IH30 

Site location 5 Tape is Lost. June/July 1996 

lime AM Ramp Ramp Ramp Queue Total Ramp 

Mainlanes Lane 1 Lane2 Exit Jumpers Merging Total 

6:45-7:00 1297 404 250 181 69 473 654 

7:00-7:15 1265 367 341 245 96 463 708 

7:15-7:30 1164 340 398 284 114 454 738 

7:30-7:45 903 238 461 302 159 397 699 

7:45-8:00 991 252 445 293 152 404 697 

8:00-8:15 1127 309 455 300 155 464 764 

8:15-8:30 1086 326 396 246 150 476 722 

Before Data 15-Jan-96 
Average 

lime AM Calculated Ramp Ramp Total Speed on Slrart time 
Main lanes Lane 1&2 Exit Merging Ramp of Travel 

6:00-6:15 1466 329 41 288 50 6:10 
6:15-6:30 1732 496 87 409 

6:30-6:45 1616 643 150 493 32 6:30 
6:45-7:00 1380 701 194 507 17 6:48 
7:00..7:15 1438 716 233 483 23 7:10 
7:15-7:30 1346 802 278 524 15 7:25 
7:30..7:45 1024 686 278 408 
7:45-8:00 981 699 309 390 10 7:45 
8:00-8:15 1254 744 279 465 11 8:10 
8:15-8:30 1314 760 280 480 
8:30-8:45 1446 741 246 495 11 8:30 
8:45-9:00 1370 684 197 487 13 8:50 

After Data 3-Mar-97 

Average 
Tune AM Caladated Ramp Ramp Total Speed on Slrart time 

Mainlanes Lane 1&2 Exit Merging Ramp of Travel 
6:00-6:15 1644 399 52 347 
6:15-6:30 1761 580 101 480 49 6:15 
6:30-6:45 1600 675 152 523 40 6:30 
6:45-7:00 1464 729 192 536 16 6:46 
7:00..7:15 1387 820 236 584 14 7:04 
7:15-7:30 1232 858 280 578 15 7:21 
7:30..7:45 1242 893 288 606 11 7:40 
7:45-8:00 1257 908 287 622 
8:00..8:15 1299 890 267 624 12 8:02 
8:15-8:30 1483 952 265 687 16 8:25 
8:30-8:45 1497 904 229 676 
8:45-9:00 1438 827 189 639 16 8:45 
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Analysis of Entrance to NB IH35E from EB IH30 
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Site Location 6: Singleton entrance ramp to northbound Loop 12. Standard tapered entrance ramp 
from Singleton Blvd. to northbound Loop 12. 

Problems observed: 
Congestion in the morning on Loop 12. 
Heavy entrance volume. 
Entering traffic bypassing entering queue upstream across gore. 
Entering traffic bypassing entering queue downstream on shoulder. 

Videotaped from the shoulder downstream from ramp. 

From Video: 
Counted entering traffic. 
Counted traffic entering across gore or from the shoulder. 
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Analysis of Singleton Entrance Ramp to Northbound loop 12 

Site location 6 

Time AM Lane 1 

7.00-7:05 
7.05-7:10 
7.10·7:15 
715-7:20 
7 20-7 2& 
725-7:30 
7.30·7:35 
7:35-7.40 
7:40·7:45 
7:45·7:50 
7:50-7:5S 
7:55-800 

Cars Trucks 
184 
201 
178 
161 
158 
175 
155 
168 
176 
149 
161 

169 
6:00-8:05 136 
805·8:10 157 
8:10-8:15 174 
8: 15-8•20 166 
8:20-8.25 207 
8:25·8:30 159 
830-8.35 176 
8:35-8:40 139 
6.40·8 45 130 
8.45-8:50 135 
8:50-8.55 120 
8:55-9:00 107 

Time AM Crossing Gore 
Cat• Truck• 

7 05-7 10 12 
7 10-7 15 8 
7 15-7.20 8 
7:20-7:25 10 
7:25-7:30 9 
7:30-7:35 13 
7:35-7:40 16 
740·7.45 11 
745·7:50 9 
7.50-7.55 5 
7·55-800 9 
8:00-8:05 7 
805·810 2 
8:1().8"15 5 
815·820 3 
8:20-825 4 
825·8.30 2 
8:30·8:35 1 
8:35-8.40 0 
8"40-8.45 0 
8:45-8·50 0 
8:50·8:55 0 
8:55-9.00 0 

1 
1 
0 
3 
2 

4 
3 
0 
0 
4 
1 

2 

1 
3 
3 
1 
0 

12 
7 

9 
5 

0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Videotape<! and Counted S/6197 

Total 

Total 

Lane 2 
Cars T ruci<s T otat 

185 
202 
178 
184 
160 
176 
159 
171 
171) 

149 
165 
170 

138 
158 
175 
169 
210 
160 
176 
146 
142 
142 
129 
112 

Percentage of 
Erllenng Traffic 

#DIVIO' 
12 11.32% 
8 7.08% 
8 690% 

10 7 94% 
9 7.44% 

13 1024% 
17 12.06% 
11 815% 
9 6.87% 
5 4.24% 

10 8.00% 
7 5.98% 
2 213% 
5 568% 
3 3 70% 
4 5.00% 
2 3.64% 
1 2.22% 
0 0.00% 
0 0.00% 
0 000% 
0 0.00% 
0 000% 

116 15 
134 13 
113 14 
114 16 
128 7 
129 8 
127 12 
128 9 
121 11 
116 8 
112 10 
117 8 
100 6 
126 10 
126 11 
139 14 
148 19 
128 15 
135 15 
109 
106 17 
94 15 
96 11 
91 11 

Percentage of 
Total Traffic 

#DIV/0' 
2.04% 
1.53% 
1.58% 
1.93% 
1.72% 
2.57% 
3.14% 
1.99% 
1.82% 
100% 
194% 
153% 
0.39% 
104% 
0.59% 
0.70% 
0.41% 
0.21% 
000% 
0.00% 
0.00% 
0.00% 
0.00% 

131 
147 
127 
130 
135 
137 
139 
137 
132 
124 
122 
125 
112 
136 
137 
153 
167 
143 
150 
116 
123 
109 
109 
102 

Lane 3 
Cars Trucks Total 

90 14 
118 14 
93 12 
87 6 
86 11 
79 9 
66 12 
83 9 
97 13 
79 11 
83 12 

r:::::!Zl 18 
80 12 

107 17 
70 13 
95 12 
96 16 

116 10 
85 27 
85 15 
44 17 

51 13 
49 16 
43 14 

Shoulder Drivers 
Cars Trucks 

12 
20 
12 
31 
40 
29 
24 
24 
25 
16 
13 

4 

6 
3 
I 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
2 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

Total 

104 
132 
105 
95 
97 
88 
80 
92 

110 
90 
95 
95 

92 
124 
83 

107 
116 
126 
112 
100 
61 
64 
65 
57 

Ramp 
Cars 

Percentage of 
Entertng Traffic 

#DlV/01 
12 11.32% 
20 17.70% 
12 10.34% 
31 24.60% 
40 3306% 
31 24.41% 
25 17.73% 
24 17 78% 
25 19.08% 
16 13.~6% 

13 10.40% 
4 3.42% 
I 106% 
4 4.71% 
6 7.41% 
3 3.75% 
1 1.82% 
0 0.00% 
0 000% 
0 0.00% 
0 0.00% 
I 3.33% 
0 0.00% 

96 
100 
108 
115 
111 
116 
130 
128 
125 
111 
118 

109 
89 
77 
74 
68 
45 
36 
34 
33 
33 
24 
18 

Trucks 

10 
13 
8 

11 
10 
11 
11 

7 
6 

7 

8 
5 
8 
7 

12 
10 
9 
8 
5 
7 
6 

Total 

Percentage of 
Total Traffic 

llDIV/O! 
2.04% 
3.82% 
2.38% 
5.98% 
7.66% 
6.14% 
4.62% 
4.34% 
5.06% 
3.20% 
2.52% 
0.87% 
020"k 
0.83% 
118% 
0.52% 
0.21% 
000% 
0.00% 
0.00% 
0.00% 
0.30% 
0.00% 

106 
113 
116 
126 
121 
127 
141 
135 
131 
118 

125 
117 
94 
85 
81 
80 
55 
45 
42 
38 
40 
30 
22 

T olal of Lanes and Ramp 
Cars Trucks Total 

549 38 
484 39 
470 35 
487 31 
494 28 
466 39 
509 32 
522 31 
469 25 
467 33 
481 34 

431 28 
479 33 
447 33 
474 36 
521 52 
448 36 
432 51 
367 37 
313 51 
313 42 
291 42 
259 34 

587 
523 

15minute 
Totals 

1110 

505 1545 
518 
522 
505 1599 
541 
553 
494 1509 
5QO 
515 

459 1451 
512 
480 
510 1567 
573 
484 
483 1251 
404 
364 
355 981 
333 
293 



Site Location 8: Inside exit-only lane from westbound LBJ 1H635 to southbound Central 
Expressway US75 and Coit Rd - before restriping. The inside main lane of the four main lanes of 
westbound LBJ 1H635 ends as an exit only lane to southbound Central Expressway US75 and Coit 
Rd. The other three lanes continue past Central Expressway. 

Problems observed: 
Congestion in the morning peak period. 
Bypassing the queue in the three through lanes from the inside exit only lane. 
Weaving across double white line in and out of the exit only lane. 

Videotaped from the TI bridge looking west. 

From video: 
Counted volume of main lanes and exiting traffic. 
Counted number of vehicles crossing double white line. 
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Analysis of Left hand Exit from LBJ IH635 to SB US75 Central Expressway 

Site location 8 
Fmm videotape )()( Aprlt 1995 Speeds from travel time runs 19 April 1995 

Time AM lane 1 ThmUgh From NB US75 Exit to Coll Road Length• 0.54 

Exll lane2 Lane3 Lane4 Main lanes Total Peak Hour 
6:30-6:45 312 831 535 528 1694 2006 7297 Time AM Average 
6:45-7:00 352 487 454 523 1444 1796 7149 Speed Start Time 
7:00-7:15 366 467 455 514 1456 1822 7270 6:00-8:15 56.5 8:07 
7:15-7:30 404 411 392 466 1269 1873 7389 6:15-6:30 49.5 6:21 
7:30-7:45 444 463 445 506 1414 1858 7721 6:30-6:45 15.7 6:42 

7:45-8:00 498 480 430 509 1419 1917 6:45-7:00 

8:00-8:15 465 564 495 417 1476 1941 7:00-7:15 17.9 7:05 

8:15-8:30 460 562 487 496 1545 2005 7:15-7:30 20.8 7:28 
7:30-7:45 
7:45-8:00 24.2 7:51 

Crossing Double Vlhlite line 8:00.8:15 23.3 8:17 
Lane 1to2 % of lane 1 % of Lene 2 % of Both 8:15-8:30 33.3 8:42 

6:30-6:45 35 10.09% 5.87% 3.71% 
6:45-7:00 34 8.61% 7.85% 4.15% 
7:00-7:15 30 7.58% 6.56% 3.52% 
7:15-7:30 32 7.34% 8.44% 3.93% 
7:30-7:45 22 4.72% 4.99% 2.43% 
7:45-8:00 17 3.30% 3.67% 1.74% 
6:00-6:15 18 3.73% 3.30% 1.75% 
8:15-8:30 17 3.56% 3.12% 1.66% 

....J 

'° Crossing Oouble White Line 
lane 2 to 1 %ofLane2 %ofLane 1 %of Both 

6:30-6:45 1 0.16% 0.32% 0.11% 
8:45-7:00 3 0.64% 0.88% 0.37% 
7:00.7:15 3 0.81% 0.83% 0.35% 
7:15-7:30 3 0.72% 0.75% 0.37% 
7:30-7:45 8 1.28% 1.37% 0.68% 
7:45-8:00 7 1.44% 1.43% 0.72% 
8:00.8:15 2 0.35% 0.43% 0.19% 
8:15-8:30 6 1.06% 1.32% 0.59% 



Analysis of Exit From WB LBJ IH635 to SB US75 Central 
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Site Location 10: Hampton and Red Bird entrance ramp to southbound US67. Fairly standard 
tapered entrance ramp to the two main lanes of southbound US67 from Hampton Road and Red Bird 
Lane. The entrance ramp has a short parallel section of about 60 m (200 ft) over a creek bridge 
followed by a standard taper. The end of the entrance ramp taper is closely followed downstream 
at about 50 m (160 ft) by a tapered exit to Camp Wisdom Road. 

Problems observed: 
Congestion in evening peak hour. 
High volume on entrance ramp. 
Entering traffic bypassing entering queue upstream across gore. 
Entering traffic bypassing entering queue downstream on shoulder. 
Exiting traffic bypassing main lanes by using entrance ramp taper and the following shoulder 
to get to the exit. 

Videotaped from Red Bird Lane looking south. 

From video: 
Counted main lane, entering and exiting volumes. 
Counted traffic entering across gore or from the shoulder. 
Counted traffic exiting onto entrance taper or shoulder. 
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Analysis of Hampton and Redbird Entrance Ramp to SB US67 Marvin D. Love 

Site location 1 O 

Time PM Lane 1 Lane2 %ofTrucks 
Cars Trucks Total Cars Trucks Total 

4:45-5:00 455 0 455 403 3 406 0.35% 
5:Q0-5:15 511 5 516 375 5 380 1.12% 
5:15-5:30 478 2 480 384 7 391 1.03% 
5:30-5:45 503 3 506 421 4 425 0.75% 
5:45-6:00 463 2 465 386 387 0.35% 

Time PM Ramp Ent Crossing Passing on 
Total Gore % of Entering Shoulder % of Entering 

4:45-5:00 167 16 9.58% 2 1.20% 
5:00.5:15 227 16 7.05% 0 0.00% 
5:15-5:30 174 14 8.05% 6 3.45% 
5:30-5:45 170 7 4.12% 5 2.94% 
5:45-6:00 170 10 5.88% 4 2.35% 

Exiling on 
Time PM Exiling Shoulder/ 

Total Ent Ramp %ofExiting 
4:45-5:00 49 4 8.16% 
5:0()..5:15 27 4 14.81% 
5:15-5:30 109 7 6.42% 
5:30-5:45 129 4 3.10% 
5:45-6:00 130 10 7.69% 
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Analysis of Hampton and Redbird Entrance to SB US67 
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Site Location 11: Branch connection with inside merge of eastbound IlDO and northbound IlDSE. 
Two lanes from eastbound IlDO and two lanes from northbound IlDSE merge into three lanes 
entering the Canyon of eastbound IlDO. The inside lane of eastbound IlDO continues as the inside 
lane and outside lane of northbound IlDSE continues as the outside lane. The outside lane of 
eastbound IlDO and the inside lane of northbound IH3 SE merge to become the middle lane through 
the Canyon. 

Problems observed: 
Driver lane choice. 
Congestion in the evening peak. 

Videotaped the merge from Hotel St. 

From video: 
Counted each lane prior to merge. 
Counted number oflane changes prior to merge. 
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Analysls of Branch Connection of Eastbound IH30 and Northbound IH35E 

Site locetlon 11 Videotaped 7'2/fJl';i 

Time PM Lana 1 EBIH30 Lana2 EB IH30 Lana3 NBIH35E Lana4 N81H35E %ofTrucke 
Cara Trucks Tolal Cars Trucks Total Cara Truck• Total Ca111 Trucke Total 

4:20-4:30 330 17 347 272 37 309 84 5 69 184 10 194 7.51% 
4:30-4:45 371 13 384 400 42 442 117 4 121 277 11 288 567% 
4:45-5:00 566 15 561 435 30 465 115 7 122 310 9 319 4.10% 
5:00-5:15 505 19 524 437 37 474 115 1 116 315 13 328 4.85% 
5:15-5:30 505 13 518 456 25 481 120 2 122 389 11 400 3.35% 
5:30-5:45 485 22 507 416 32 448 111 4 115 305 14 319 5.18% 
5:45-6:00 490 22 512 404 44 448 111 2 113 269 20 309 6.37% 

Lana Changes Total Lanes 
Lane 1 to2 %of1•2 Lana 2 lo 1 %011. 2 Lana310 4 % ol3. 4 Lena4 lo 3 %ol3•4 Care Trucks To1a1 

4:20-4:30 5 0.76% 6 0.91% 11 4,18% 2 0.76% 850 69 919 
4:30-4:45 7 0.85% 4 0.48% 24 587% 5 1.22% 1165 70 1235 5685 
4:45-5:00 7 0.67% 7 0.67% 17 3.85% 2 0.45% 1426 81 1487 5839 
5:00-5:15 4 0.40% 15 1.50% 21 4.73% 1 0.23% 1372 70 1442 5734 
5:15·5:30 8 0.80% 9 0.90% 19 3.84% 1 0.19% 1470 51 1521 
5:30-5:45 8 0.83% 10 1.05% 16 3.89% 3 0.89% 1317 72 1369 
5:45-600 10 1.04% 13 1.35% 23 5«15% 2 0.47% 1294 88 1382 

Calculated Volumes Downstream o1 Marge 
Time PM lnSida Lana Middle Lana (Lana 2 • Lana 3) Oulside Lana 

Ca111 Trucks Tola! Cars Trucks Total Cars Trucks Total 
4:20-4:30 331 17 348 326 42 368 193 10 203 

00 4:30-4:45 366 13 381 501 46 547 2116 11 307 
......:i 4:45-5:00 566 15 581 535 37 572 325 9 334 

5:00-5:15 516 19 535 521 38 559 335 13 348 
5:15-5:30 506 13 519 557 27 584 407 11 418 
5:30-5:45 489 22 511 510 36 546 318 14 332 
5:45-6:00 493 22 515 491 48 537 310 20 330 
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Site Location 12: Type A weaving section on westbound LBJ between the Dallas North Tollway 
Entrance and the Midway Road Exit. An auxiliary lane on the outside of the four main lanes of 
westbound LBJ extends about 500 m (1600 ft) between entrance ramp from the Dallas North Tollway 
and the exit to Midway Road. 

Problems observed: 
Congestion in the evening peak. 
Weaving in congestion. 
Shoulder driving. 

Videotaped the weave from Welch. 

From video: 
Counted outside lanes prior to weave. 
Counted entering and exiting (weaving) traffic. 
Counted vehicles crossing gore both directions. 
Counted vehicles passing queue on the shoulder. 
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Analysis of Westbound IH635 -Tollway entrance to the Midway exit 

Site Location 12 14-Jun-95 

Travel Time Analysis Seconds Estimated Speeds (MPH) length= 368.72 

Lane3 Lane4 On ramp Lane3 Lane4 On ramp 
4:05 4.19 10.06 11.03 60 25 23 
4:10 7.9 10.84 14.03 32 23 18 
4:15 8.83 14.67 12.98 28 17 19 
4:20 7.96 17.16 14.6 32 15 17 
4:25 7.95 12.73 10.38 32 20 24 
4:30 10.27 15.89 12.69 24 16 20 
4:35 7.94 13.98 11.74 32 18 21 
4:40 8.4 20.04 15.16 30 13 17 
4:45 6.99 18.01 16.15 36 14 16 
4:50 7.43 12.51 12.38 34 20 20 
4:55 13.39 14.74 10.75 19 17 23 
5:00 7.6 13.16 12.03 33 19 21 
5:05 17.59 19.5 18.54 14 13 14 
5:10 10.91 22.89 11.35 23 11 22 
5:15 64.88 29.38 17.7 4 9 14 
5:20 8.08 17.64 13.84 31 14 18 
5:25 10.15 20.64 23.94 25 12 11 
5:30 8.1 19.97 12.27 31 13 20 
5:35 8.03 16.04 16.03 31 16 16 
5:40 18.01 21.15 19.59 14 12 13 
5:45 6.96 18.87 15.17 36 13 17 
5:50 6.35 13.89 14.29 40 18 18 
5:55 10.44 20.64 20.58 24 12 12 
6:00 6.1 12.46 15.93 41 20 16 

Travel Time Analysis Seconds Average Estimated Speeds (MPH) 

Lane3 Lane4 On ramp Lane3 Lane4 On ramp 
4:02-4:15 6.045 10.45 12.53 42 24 20 
4:15-4:30 8.246667 14.85333 12.65333 30 17 20 
4:30-4:45 8.87 16.63667 13.19667 28 15 19 
4:45-5:00 9.27 15.08667 13.09333 27 17 19 
5:()()..5: 15 12.03333 18.51667 13.97333 21 14 18 
5:15-5:30 27.70333 22.55333 18.49333 9 11 14 
5:30-5:45 11.38 19.05333 15.96333 22 13 16 
5:45-6:00 7.916667 17.8 16.68 32 14 15 

92 



Q) 

E 
::::J 

\0 ~ 
w Q) 

.~ 

.c 

~ 

Analysis of Westbound IH635 - Tollway Entrance to Midway Exit 

500 

450. 

400 
- [3 .... 

350 .. 

300 

250 -

200 -0- .....o----6----G.,. 
~--- ---&---~--- ' 

/ ' 
/ ' 

150 -
/ ~-

/ --~-.... ---e 

100 

50 

0 
4:02-
4:15 

+-

4:15-
4:30 

+----+---- +-- -------+- ---!------+------~- ----+----1 

4:30-
4:45 

4:45-
5:00 

5:00-
5:15 

5:15-
5:30 

5:30. 
5:45 

Time Period (minutes) 

5:45-
6:00 

6:00-
6:15 

6:15-
6:30 

6:30-
6:45 

1
- - a. -i.ane3 ·1 

- • -o- • • Lane 4 

• Entering II 

I _ -e - Exiting 





APPENDIX B: NORTHBOUND STEMMONS DATA 

95 





Before and After Evaluation of Bottleneck Improvements to IH35E Northbound 

Eastbound to Northbound - IH30 to IH35E 

Before After Before After Before After Before After Percent 
AM Volumes Volumes Trvl Time Trvf Time Speed Speed veh-miles/hr veh-miles/hr Change 

(Min) (Min) (MPH) (MPH) 
6:00 288 347 3.083333 3.65 63 54 18297.2849 18575.3014 1.52% 
6:15 409 480 3.5 3.483333 56 56 22863.2449 26925.4163 17.77% 
6:30 493 523 3.916667 3.566667 50 55 24629.5477 28688.7617 16.48% 
6:45 507 536 4.516667 4.966667 43 39 21956.2804 21123.8154 -3.79% 
7:00 483 584 4 4.833333 49 40 23626.85 23643.9931 0.07% 
7:15 524 578 4.5 4.883333 43 40 22783.7778 23161.5768 1.66% 
7:30 408 606 5.375 6.308333 36 31 14829.2093 18774.4993 26.60% 
7:45 390 622 6.25 7.733333 31 25 12215.872 15722.8254 28.71% 
8:00 465 624 5.683333 8.066667 34 24 15992.1642 15118.5868 -5.46% 
8:15 480 687 6.558333 7.4 30 26 14320.803 18162.3851 26.83% 

'° 8:30 495 676 7.433333 6.733333 26 29 13020.9955 19626.5718 50.73% ....., 
8:45 487 639 5.6 4.566667 35 43 16998.5714 27348.3066 60.89% 

5429.214 6960 27.09% Total 221534.661 256872.641 15.95~1 

Travel Times Weighted Avg Spd 40.8041734 37.2278318 ·8.76% 

Before 
Distance Start Time 

6:10 6:30 6:48 7:10 7:25 7:45 8:10 8:30 8:50 
3.26 3.083333 3.916667 4.516667 4 4.5 6.25 5.683333 7.433333 5.6 

After 
Start Time 

6:00 6:15 6:30 6:46 7:04 7:21 7:40 8:02 8:25 8:45 
3.26 3.65 3.483333 3.566667 4.966667 4.833333 4.883333 7.733333 8.066667 6.73333333 4.56666667 
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Before and After Evaluation of Bottleneck Improvements to IH35E Northbound 

Northbound to Northbound - IH35E SRL T to IH35E Stemmons 

Before After Before After 
AM Volumes Volumes Trvl Time Trvl Time 

(Min) (Min) 
6:00 679 960 1.663333 2.333333 
6:15 971 1012 3.55 3.6 
6:30 664 914 5.366667 3.65 
6:45 719 640 5.25 4.95 
7:00 612 762 5.266667 5.166667 
7:15 770 717 4.666667 5.563333 
7:30 528 723 6.516667 7.5 
7:45 519 720 8.166667 7.566667 
8:00 692 746 6.283333 7.633333 
8:15 770 854 4.283333 5.263333 
8:30 873 915 4.433333 5.15 
8:45 850 896 4.45 2.7 

9265.667 10100.63 9.01% 

Before After 
Speed Speed 
(MPH) (MPH) 

57 41 
27 27 
16 26 
18 19 
16 19 
20 17 
15 13 
12 13 
15 13 
22 18 
22 19 
22 36 

Total 

Before After Percent 
veh-miles/ veh-miles/ Change 

50110.1 40320 
26249.01 26980 
15813.17 24042.74 
13141.33 16293.33 
14807.09 14530.06 
15162.47 12328.12 
7773.299 9252.6 
6100.698 9131.63 
10577.82 9362.009 
17250.12 15512.93 
18896.84 17058.64 
16344.27 31933.33 
214246.4 226765.61 

-19.54% 
2.76% 

52.04% 
23.99% 
-1.87% 

-16.80% 
19.03% 
49.68% 

-11.30% 
-10.07% 
-9.73% 
74.06% 

5.84%1 

Travel Times Weighted Avg Spd 23.12261 22.45065 -2.91 % 

Before 
Distance Start Time 

6:00 6:11 6:21 6:34 6:49 7:04 7:21 7:47 6:05 6:22 8:36 8:55 
1.6 1.416667 1.95 3.55 5.366667 5.25 5.266667 4.866667 8.166667 6.263333 4.283333 4.433333 4.45 

After 
Distance Start Time 

6:00 6:11 6:22 6:35 6:46 7:03 7:17 7:35 6:00 6:20 8:36 8:52 
1.6 2.333333 3.6 3.65 4.95 5.166667 5.583333 7.5 7.633333 5.283333 5.15 2.7 
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Before and After Evaluation of Bottleneck Improvements to IH35E Northbound 

Westbound to Northbound - IH30 ERL T to IH35E Stemmons 

Before After Before After Before After Before After Percent 
AM Volumes Volumes Trvl Time Trvl Time Speed Speed veh-miles/hr veh-miles/hr Change 

(Min) (Min) (MPH) (MPH) 
6:00 665 727 1.716667 1.8 50 48 33237.0874 34629.8333 4.19% 
6:15 801 797 2.516667 2.683333 34 32 27302.5828 25468.2112 -6.72% 
6:30 781 756 3.4 3.966667 25 22 19704.5588 16352.4706 -17.01% 
6:45 720 710 4.466667 4.366667 19 20 13820.8433 13948.2309 0.92% 
7:00 694 696 3.666667 2.616667 23 33 16235.7 22829.9045 40.62% 
7:15 662 611 7.2 4.666667 12 18 7882.875 11231.3732 42.48% 
7:30 604 615 9.766667 6.716667 9 13 5304.66553 7859.32258 48.16% 
7:45 586 636 6.891667 8.233333 12 10 7299.74365 6631.69737 -9.15% 
8:00 706 667 4.016667 5.416667 21 16 15084.4232 10559.34 -30.00% 
8:15 704 759 5.2 3. 783333 16 23 11621.5 17212.9163 48.11% 
8:30 728 731 3.458333 2.183333 25 39 18057.2819 28706.9771 58.98% - 8:45 685 689 1.716667 1.5 50 57 34253.3592 39396.5 15.01% 

0 8335.333 8392.5 0.69% Total 269864.621 234826. 7771 H.93bJol 

Travel Times Weighted Avg Spd 25.1705136 27.9805513 11.16% 

Before 
Distance Start Time 

6:00 6:15 6:30 6:45 7:01 7:20 7:41 8:04 8:24 8:44 8:55 
1.43 1.716667 2.516667 3.4 4.466667 3.666667 7.2 9.766667 4.016667 5.2 1.76666667 1.716667 

After 
Start Time 

6:00 6:11 6:23 6:38 6:52 7:09 7:29 7:51 8:12 8:28 8:43 8:57 
1.43 1.8 2.683333 3.966667 4.366667 2.616667 6.716667 8.233333 5.41666667 3.78333333 2.183333 1.5 
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Before and After Evaluation of Bottleneck Improvements to IH35E Northbound 

Northbound IH35E Section 1 - Eastbound IH30 merge to Woodall Rodgers 

Before After Before After Before After Before After Percent 
AM Volumes Volumes Trvl Time Trvl Time Speed Speed veh-miles/hr veh-miles/hr Change 

(Min) (Min) (MPH) (MPH) 
6:00 2083 2371 0.811329 1.124237 51 36 105269.593 86468.3862 -17.86% 
6:15 2549 2704 1.105556 1.038889 37 39 94526.0739 106707.433 12.89% 
6:30 2593 2623 1.583333 1.611111 26 25 67135.003 66750.8276 -0.57% 
6:45 2313 2495 2.077778 1.988889 20 21 45646.6128 51440.9707 12.69% 
7:00 2362 2458 2.266667 1.655556 18 25 42729.2353 60873.6493 42.46% 
7:15 2246 2459 3.577776 3.433333 11 12 25742.1429 29367.7427 14.06% 
7:30 1899 2573 2.991667 3.022222 14 14 26032.1448 34902.9458 34.08% 
7:45 1888 2463 2. 7 2.866667 15 14 26672.1605 35229.0116 22.87% 
8:00 2102 2444 2.922222 2.683333 14 15 29490.5361 37338.0124 26.61% 
6:15 2096 2566 1.852776 2.761111 22 15 46371.922 38394.1901 -17.20% 
8:30 2277 2588 1.711111 2.608333 24 16 54549.3019 40677.7636 -25.43% 
8:45 2167 2477 1.266667 1.755556 32 23 70773.5526 57856.6551 -18.25% 

26594.66 30241 13.71% Total 636938.479 646609.5881 t42~ol 

Travel Times Weighted Avg Spd 23.9498597 21.3620445 -10.81% 

Before 

wt on 

nton 

et on 

Average 

Distance Start Time 
6:00 6:15 6:30 6:45 7:01 7:20 7:41 6:04 8:24 

0.67 0.700654 0.85 1.633333 2.616667 2.616667 3.363333 3.033333 4.1 2.31666667 

6:00 6:11 6:21 6:34 6:49 7:04 7:21 7:47 
0.7 0.433333 0.966667 1.266667 1.55 1.766667 2.183333 3.75 2.333333 

6:10 6:30 6:48 7:10 7:25 7:45 8:10 8:30 
0.66 1.033333 1.366667 1.65 2 3.6 2.2 2.166667 1.316667 

8:05 
2.5 

8:50 
1.75 

8:44 8:55 
1.55 0.916667 

8:22 8:36 8:55 
1.5 1.683333 1.133333 

6:00 6:15 6:30 6:45 7:00 7:15 7:30 7:45 8:00 8:15 8:30 6:45 
2.433967 3.316667 4.75 6.233333 6.6 10.73333 8.975 8.1 8.76666667 5.55833333 5.133333 3.6 

0.663333 0.611329 1.105556 1.563333 2.077778 2.266667 3.577778 2.991667 2.7 2.92222222 1.85277778 1.711111 1.266667 
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Before and After Evaluation of Bottleneck Improvements to IH35E Northbound 

Westbound to Northbound - Woodall Rodgers to IH35E Slemmons 

Before After Before After Before After Before After Percent 
AM Volumes Volumes Trvl Time Trvl Time Speed Speed veh-miles/hr veh-miles/hr Change 

(Min) (Min) (MPH) (MPH) 
6:00 634 681 1.275 1.125 50 52 31940.549 35574 11.38% 
6:15 736 758 1.3 1.2 49 49 36347.0769 37142 2.19% 
6:30 756 791 3.383333 1.12 19 52 14339.0542 41547.1875 189.75% 
6:45 718 765 2.666667 1.05 24 56 17293.875 42861 147.84% 
7:00 687 740 2.733333 1.195 23 49 16143.9512 36430.1674 125.66% 
7:15 645 819 2.566667 1.84 25 32 16133.3766 26180.3804 62.27% 
7:30 655 860 ' 3.933333 1.6 16 37 10685.4915 31614.1875 195.86% 
7:45 710 814 3.683333 1.56 17 38 12375.2036 30686.25 147.97% 
8:00 702 769 2.666667 1.52 24 39 16908.675 29752.9934 75.96% 
8:15 683 724 1.633333 1.21 39 49 26846.0816 35188.8843 31.08% 
8:30 707 747 1.283333 2.46 50 24 35368.3636 17861.0976 -49.50% 

...... 8:45 733 779 1.433333 2.075 
0 8367 9248.75 10.54% 
VI 

45 28 32846.5116 22071.253 -32.80% 
Total 267228.21 386969.4611 44.79~1 

Travel Times Weighted Avg Spd 31.9383543 41.8336966 30.98% 

Before 
Distance Start Time 

6:00 6:14 6:25 6:35 6:50 7:03 7:16 7:32 7:51 8:05 8:20 8:33 8:45 
1.07 1.233333 1.316667 1.3 3.383333 2.666667 2.733333 2.566667 3.933333 3.68333333 2.66666667 1.633333 1.283333 1.433333 

After 
Distance Start Time 

6:05 6:14 6:25 6:37 6:50 7:00 7:12 7:26 7:42 8:03 8:22 8:42 9:00 
0.98 1.11 1.14 1.2 1.12 1.05 1.1 1.29 1.84 1.6 1.52 1.21 2.46 1.69 
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Before and After Evaluation of Bottleneck Improvements to IH35E Northbound 

Northbound IH35E Section 2 - Woodall Rodgers merge to the ONT exit 

Before After Before After Before After Before After Percent 
AM Volumes Volumes TIVI Time Tivl Time Speed Speed veh-miles/hr veh-miles/hr Change 

(Min) (Min) (MPH) (MPH) 
6:00 1470 1687 0.929194 0.825599 52 59 76892.7224 99300.1593 29.14% 
6:15 1848 1969 1.063889 1.111111 46 44 84440.9863 86127.705 2.00% 
6:30 1894 1899 1.216667 1.7 40 29 75659.3577 54277.1471 -28.26% 
6:45 1699 1816 1.583333 1.316667 31 37 52140.1263 67032.6266 28.56% 
7:00 1776 1812 1.855556 1.433333 26 34 46509.3269 61440.8547 32.10% 
7:15 1732 1803 2.25 2.311111 22 21 37405.44 37924.6478 1.39% 
7:30 1424 1917 2.011111 2.188889 24 22 34404.7724 42564.1637 23.72% 
7:45 1345 1866 1.886111 2.041667 26 24 34659.6018 44422.3837 28.17% 
8:00 1566 1822 1.872222 1.916667 26 25 40650.0783 46197.4696 13.65% 
8:15 1521 1955 1.55 1.722222 31 28 47682.3484 55179.421 15.72% 

0 8:30 1640 1901 1.466667 1.647222 33 30 54356.3386 56086.285 3.18% 
-....] 8:45 1509 1728 1.183333 1.327778 41 37 61957.4704 63261.3389 2.10% 

19423.26 22175.88 14.17% Total 646758.57 713814.2621 H.l.37"7ol 

Travel Times Weighted Avg Spd 33.2981398 32.1887728 -3.33% 

Before 
Distance Start Time 

6:00 6:15 6:30 6:45 7:01 7:20 7:41 8:04 8:24 8:44 8:55 
wton 0.78 0.804248 0.9 1 1.266667 1.2 1.45 1.45 2.133333 1.31666667 1.35 0.95 

6:00 6:11 6:21 6:34 6:49 7:04 7:21 7:47 8:05 8:22 8:36 8:55 
nton 0.77 0.683333 1.283333 1.166667 1.4 1.75 2.466667 2.6 2.05 1.65 1.63333333 1.5 1.65 

6:10 6:30 6:48 7:10 7:25 7:45 8:10 8:30 8:50 
eton o'.88 1 1.25 1.733333 1.9 2.7 1.816667 1.833333 1.566667 0.95 
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