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DISCLAIMER 
 

The contents of this report reflect the views of the authors, who are responsible for the facts and 

the accuracy of the data presented herein.  The contents do not necessarily reflect the official 

views or policies of the Texas Department of Transportation (TxDOT) or the Federal Highway 

Administration (FHWA).  This report does not constitute a standard, specification, or regulation. 

The engineer in charge of this project was William L. Eisele (P.E. #85445). 
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SUMMARY 
 

PROJECT OBJECTIVES 

 

This section provides a summary of the research results.  Greater detail on all aspects of the 

research can be found in this report.  The two primary objectives of the research were to:  

1. Estimate the impacts of access management techniques through field data collection at 

three selected sites in Texas and micro-simulation of traffic performance.  Micro-

simulation was also performed on three theoretical scenarios to evaluate different 

geometric conditions (driveway consolidation and median type) and varying traffic 

levels. 

2. Estimate the safety impacts of access management treatments by investigating crash data 

from 10 selected sites in Texas and one in Oklahoma where access management 

treatments (driveway consolidation and raised medians) are installed.  A key part of the 

crash analysis was assessing the quality of the crash information used in the analysis. 

 

METHODOLOGY FOR ANALYSES  

 

Researchers satisfied the first objective by performing micro-simulation in Verkehr in Städten 

Simulation (Traffic in Cities-Simulation) (VISSIM) along three test corridors and three 

theoretical corridors created to investigate the impacts on operations (travel time, speed, and 

delay) with different driveway spacings, median treatments, and traffic volumes.  The second 

objective was satisfied by investigating 11 corridors to estimate relationships between crash rates 

and access point (driveways and public street intersections) densities, as well as the presence of 

raised medians or two-way left-turn lanes (TWLTLs). 
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Estimating Operational Impacts 

 

The research team identified three case study locations for micro-simulation analysis in Texas.  

The characteristics of these test corridors are shown in Table S-1.  Traffic performance (travel 

time, speed, and delay) was simulated before and after raised medians were implemented.   

Further, Table S-2 provides the characteristics of the theoretical corridors.  The theoretical 

corridors were investigated to cover a broader range of traffic volume ranges and geometric 

characteristics (raised medians and driveway consolidation) than evaluated with the field test 

corridors.   The later columns showing the travel time and speed results in Tables S-1 and S-2 

will be described in a later section.  The reader is encouraged to review the report for more 

details on the case study corridors, theoretical corridors, and the VISSIM model. 

 

Estimating Safety Impacts 

 

The research team studied 11 corridors to determine relationships between crash rates and access 

point densities (driveways and public street intersections), as well as the presence of raised 

medians or two-way left-turn lanes (TWLTLs).  Some corridors had two or more distinct 

segments, each with varying access point densities.  Researchers obtained crash history and 

traffic volumes for each of the corridor segments.  The Texas Department of Public Safety (DPS) 

provided crash reports for each of the corridors that are state-maintained roads.  For the other 

corridors in Texas, city police departments provided crash information.  The Oklahoma 

Department of Transportation (ODOT) provided crash information for the Tulsa corridor. 
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Table S-1.  Characteristics and Results of Case Study Corridors. 
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21,800 -11 2 (increase) Texas Avenue Bryan,  
Texas 

0.66 3.0 / 
91 

690 to 
1,320 

2 Retail, University -60 18,200 
48,000 -38 7 (increase) 

31st Street Temple, 
Texas 

0.71 5.6 / 
66 

350 to 
850 

2 Retail, Some 
Residential 

-56 13,300 16,000 3 1 (decrease) 

29,300 2 <1 (decrease) Broadway 
Avenue 

Tyler, 
Texas 

1.47 4.1 / 
46 

500 to 
1,500 

3 Commercial, 
Retail 

-60 24,400 
48,000 57 6 (decrease) 

1Access point density includes both directions and includes driveways, streets, and signalized intersections. 
2Median opening spacing is the range for the raised median alternative with the most openings.  Five alternatives were investigated along 31st 
Street and two alternatives along Broadway. 

3The Texas Avenue and 31st Street corridors were not widened in the micro-simulation because VISSIM allows vehicles to perform U-turns with 
two lanes, and this study was intended to investigate the differences between the TWLTL and the raised median.  From a practical perspective, 
flared intersections and slightly widened mid-block location(s) would facilitate the U-turns. 

4The percent difference values are from the conversion from a TWLTL to a raised median.  Negative values imply a decrease when converting to 
the raised median.  These differences are based upon the weighted average of three micro-simulation runs. 

5Estimated from road tubes or videotapes.  The average daily traffic (ADTs) are estimated by assuming a K and D factor to apply to the observed 
peak-hour volume. 

6The lower ADT value is a 20 percent increase over existing conditions.  This represents an approximately 2 percent increase over 10 years.  The 
higher ADT value was run to estimate higher-volume conditions.  The ADTs are estimated by assuming a K and D factor to apply to the observed 
peak hour volume. 
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Table S-2.  Theoretical Corridor Characteristics and Results. 
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Scenario 1 
TWLTL 
and 
Raised 

2 Not 
Applicable 18 660 660 18,000 to 28,000 Not 

Applicable 
Not 
Applicable 

18,000 2 <1 (decrease) 
TWLTL 

23,000 6 2 (decrease) 
Raised 

2 -70 42 330 660 
28,000 31 8 (decrease) 
18,000 8 2 (decrease) 

TWLTL 23,000 8 2 (decrease) 
28,000 11 3 (decrease) 

Scenario 2 

Raised 
3 -70 42 330 660 

48,000 44 9 (decrease) 
18,000 6 2 (decrease) 
23,000 1 <1 (decrease) TWLTL 
28,000 2 <1 (decrease) 
33,000 7 2 (decrease) 
38,000 22 6 (decrease) 

Scenario 3 

Raised 

3 -75 84 165 660 

48,000 10 3 (decrease) 
1 Scenario 1 can be considered as both a TWLTL and a raised median because, due to the driveway spacing, there is 
no change in the conflict points and turning locations. 

2The percent difference values are from the conversion from a TWLTL to a raised median.  Negative values imply a 
decrease when converting to the raised median.  These differences are based upon the weighted average of three 
micro-simulation runs. 

3The ADTs are estimated by assuming a K and D factor to apply to the observed peak-hour volume. 
 

This paper describes the crash analysis performed along 10 case study locations in Texas and 

one in Oklahoma.  This analysis provides a safety estimate on corridors after installation of 

access management techniques—comparisons of corridors with and without raised medians and 

varying access point densities.  Researchers investigated before and after conditions at two 

locations where a raised median was installed to replace TWLTLs (Longview and College 

Station) and at two locations where raised medians were added to undivided roads (US 382 in 

Odessa and 71st Street in Tulsa).  Table S-3 provides a summary of the characteristics of each 

study corridor investigated in the crash analysis.  The directions (e.g., west) on each study 

corridor indicate the section of the corridor (i.e., “west” indicates the “west” end of the corridor). 

 As with the micro-simulation, Table S-3 indicates a broad range of operating conditions that 
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were investigated.   The crash rate results shown in Table S-3 will be described in detail in the 

next section of this summary. 

 

Table S-3.  Characteristics and Crash Rate Results for Safety Analysis Case Studies. 

Corridor Segment ADT Range 
Access 

Points/Mile Median Type 

Average 
Crashes per 

Million VMT 
Texas Avenue, College Station, TX 40,000 – 42,000 60 TWLTL (“Before”) 4.3 
Texas Avenue, College Station, TX 38,500 – 43,000 57 Raised (“After”) 1.8 
Loop 281, Longview, TX 20,000 – 27,000 53 TWLTL (“Before”) 5.21 
Loop 281, Longview, TX 20,000 – 27,000 53 Raised (“After”) 4.29 
US 385, Odessa, TX 9,500 – 11,700 50 Undivided (“Before”) 19.57 
US 385, Odessa, TX 9,500 – 11,700 50 Raised (“After”) 15.39 
71st Street (west), Tulsa, OK 20,000 – 24,000 27 Undivided (“Before”) 3.76 
71st Street (west), Tulsa, OK 28,000 – 33,000 27 Raised (“After”) 2.48 
71st Street (west-central), Tulsa, OK 20,000 – 21,000 20 Undivided (“Before”) 3.82 
71st Street (west-central), Tulsa, OK 22,000 – 37,000 20 Raised (“After”) 1.78 
US 380 (west), McKinney, TX 14,700 – 29,000 56 Raised 3.12 
US 380 (east), McKinney, TX 13,500 – 24,000 99 Raised 7.29 
US 377 (west), Fort Worth, TX 18,200 – 21,000 50 Raised 5.92 
US 377 (east), Fort Worth, TX 18,200 – 21,000 110 Raised 8.76 
SH 289, Plano, TX 44,000 – 53,000 30 Raised 4.21 
Park Blvd (west), Plano, TX 28,000 – 37,000 10 Raised 1.71 
Park Blvd (central), Plano, TX 33,000 – 36,000 39 Raised 6.59 
Park Blvd (east), Plano, TX 34,000 – 35,000 16 Raised 2.23 
71st Street (east-central), Tulsa, OK 27,000 – 47,000 33 Raised 3.20 
71st Street (east), Tulsa, OK 25,000 – 51,000 42 Raised 5.17 
FM 1741, Temple, TX 26,000 – 31,000 39 TWLTL 2.71 
US 69 (north), Tyler, TX 30,000 – 39,000 38 TWLTL 8.60 
US 69 (south), Tyler, TX 27,000 – 40,000 85 TWLTL 12.92 
SH 191 (west), Odessa, TX 29,000 – 36,000 56 TWLTL 6.55 
SH 191 (east), Odessa, TX 16,500 – 24,000 28 TWLTL 4.00 
VMT – vehicle-miles of travel 
  

TEST CORRIDOR FINDINGS 

 

Micro-simulation Test Corridor Results 

 

Qualitative Findings of Test Corridors 

 

While the VISSIM model appears to be a very promising micro-simulation tool for simulating 

access management treatments, there is a steep learning curve for analysts.  Throughout the 
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research project, the research team continued to learn more about the VISSIM model and 

received frequent software updates for VISSIM from the developers.  

 

One specific consideration with micro-simulation is that the results should be based on numerous 

runs of the same conditions along a corridor.  This is because VISSIM is a stochastic model in 

which the numerous input variables are modeled—often according to distributions (e.g., speed, 

acceleration characteristics, vehicle types, and motorist behavior).  Therefore, each run of the 

simulation provides one estimate of the performance measure.  The results of this research 

generally required three runs to get results that appeared to converge on an acceptable average 

value for the performance measures.  

 

VISSIM has outstanding output abilities that allow the user to analyze many aspects of the 

corridor.  For this project, the researchers analyzed travel time, speed, and delay.  VISSIM 

allows the user to choose the duration for the analysis.  Researchers selected the peak hour for 

analysis.  This time limit also facilitated the analysis by narrowing the results to those that will 

be most useful for design hour analysis.   

 

The research team has prepared conference papers that document some of the lessons learned 

while assessing the impacts of access management using micro-simulation (1,2).  The papers 

describe the desirable input and output characteristics of a micro-simulation tool for possible use 

in investigating access management alternatives.  These characteristics are also described in this 

report. 

 

Quantitative Findings of Test Corridors 

 

Each micro-simulation corridor was investigated with numerous alternatives.  Each corridor 

began with a TWLTL as the existing condition.  Therefore, the first step was to optimize the 

traffic signals.  This always resulted in at least some improvement in travel times—indicating the 

tremendous benefit of this relatively simple operational change.  For the interested reader, the 

benefits of signal optimization are further described in a recent Institute of Transportation 

Engineers (ITE) Journal article (3).   The next alternative or alternatives included the proposed 
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condition of a raised median along the corridor with existing traffic volumes.  There were then 

raised median alternatives to better serve specific origin-destination patterns of each specific 

corridor’s driveways and streets.  The final alternatives always included the future conditions 

with the TWLTL and with the raised median alternatives that were investigated for the particular 

corridor.  When the average daily traffic (ADT) was not readily available from 24-hour loop 

counts, estimations divided the directional design hour volume (DDHV) by an assumed K factor 

of 0.135 for suburban areas (4) and a D factor of 50 percent.  The DDHV was the volume 

“entering” each end of the corridor for the VISSIM micro-simulation during the peak (design) 

hour.     

 

Table S-1 shows the percent reduction in vehicular conflict points when going from a TWLTL to 

a raised median treatment for the three case study locations.  The percent reduction varies from 

56 to 60 percent.  Research performed through the National Cooperative Highway Research 

Program (NCHRP) has shown that reduced conflict (access) points are related to a reduction in 

crashes along arterials (5).    

 

While the three corridors show nearly the same percent reduction in conflict points, the percent 

difference in travel time varies for each corridor.  This difference is between a TWLTL and the 

raised median in the future traffic volume conditions.  Existing condition traffic volumes were 

increased 20 percent to obtain the future traffic volumes.  This equates to approximately 2 

percent per year for 10 years.  A negative travel time value in Table S-1 indicates that the raised 

median had a shorter travel time for vehicles traversing the corridor.  On the Texas Avenue 

corridor (ADT ~21,800), travel time decreased 11 percent with the raised median compared to 

the TWLTL.  For Texas Avenue at an ADT of approximately 48,000, travel time decreased 38 

percent with the raised median installation.  The speed increased by 2 mph at the ADT of 

approximately 21,800, and it increased by 7 mph at an ADT of approximately 48,000.   

 

The travel time along 31st Street in Temple increased 3 percent (approximately 1 mph decrease at 

the only ADT level of 16,000 that was investigated).  Along Broadway Avenue in Tyler, the 

travel times increased 2 percent (<1 mph decrease) when the raised median was installed at the 

lower ADT level (29,300).  At the higher ADT level of 48,000, there was a 57 percent increase 
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in travel times with the raised median.  This equates to a 6 mph decrease in speed.  It should be 

noted that generally the more circuitous travel and increased U-turn traffic can cause the raised 

median treatment to have slightly longer travel times.  However, it is hypothesized that these 

increases in travel time, and subsequent delay, are offset by the reduction in the number of 

conflict points and increased safety.  Though not performed, it is also hypothesized that further 

analysis could have found that an additional median opening(s) could reduce the percent 

differences between the TWLTL and raised median even further. 

 

Quantitative Findings of Theoretical Corridors 

 

Analysis of the theoretical corridors also addressed the number of conflict points, travel time, 

speed, and delay.  These results help researchers begin to identify operational characteristics 

resulting from changing to raised medians from TWLTL lanes and altering driveway density.  It 

is anticipated that adding additional traffic volume, beyond that experienced in the field case 

studies, may result in even larger differences in these four parameters among median types.  

 

Safety is an important aspect of access management.  A reduction in the number of conflict 

points within a corridor will likely reduce the number of crashes within that corridor.  Installing 

a raised median is an excellent way to reduce the number of conflict points.  This is illustrated 

the most in Scenario 3 (see Table S-2).  When a raised median is added to the corridor, the 

number of conflict points decreases from 1220 to 300, a decline of roughly 75 percent.  The 

report contains more details on the reduction in the number of conflict points.   Scenario 2 also 

showed a large decrease in the number of conflict points after the addition of a raised median.  

Another way to reduce the number of conflict points is to reduce the number of driveways along 

the corridor.  When the number of driveways increased from 18 to 42, the total conflict points for 

the scenarios with a TWLTL increased from 338 to 650 (five lanes) and 674 (seven lanes), an 

increase of approximately 50 percent.   

 

Table S-2 illustrates all the theoretical scenarios and their results.  As in the case studies, the 

number of conflict points decreases with the installation of a raised median.  This decrease 

occurs even when the number of driveways increases from 18 in Scenario 1 to 84 in Scenario 2, 



xvii 

an increase of approximately 460 percent.  The number of conflict points for both the five- and 

seven-lane options for Scenario 2 was reduced by 70 percent with the installation of a raised 

median.  This large reduction is accompanied by an increase in travel times with the raised 

median by from 2 to 31 percent for the five-lane option and from 8 to 44 percent for the seven-

lane option.  The Scenario 3 results show a 75 percent reduction in the number of conflict points 

with the installation of a raised median, along with a 1 to 22 percent increase in travel time. 

 

These results generally demonstrate an increase in travel time along the corridor for through-

moving vehicles due to the circuitous travel of U-turning traffic and the associated weaving of 

these maneuvers.  The actual reduction in speed is, on average, approximately 3 mph when a 

raised median replaces a TWLTL.  It is hypothesized that these relatively small differences 

would likely be justified with the associated reduction in conflict points and potential safety 

increase along such corridors.  These analyses also make assumptions about traffic patterns 

entering and exiting the corridors.  Along and around an actual corridor, observation rather than 

simulation would allow a better understanding of the origin-destination patterns that might lead 

to better management of traffic circulation. 

 

Future research in this area should continue investigating the relationship between median type, 

driveway density, and traffic volume.  In the theoretical corridors, the median opening spacings 

were set at 1/8 mile (660 feet), and it would be interesting to investigate the potential changes in 

travel time with different median opening spacings.  It would also be interesting to investigate 

these parameters over longer corridors to gain insight into potential changes over longer 

distances.  It is preferable that such analyses be conducted on actual field sites, along with an 

associated crash analysis, though finding such a site and performing such data collection could 

be difficult and costly. 
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Safety Analysis Case Study Results 

 

Qualitative Findings 

 

Crash records were individually investigated for each corridor to identify the number and type of 

crashes.  Traffic volume data were collected for the computation of crash rates.  One beneficial 

illustrative tool was the development of graphics which contained the location and type of crash 

for a given corridor.  The type of crash was shown with the standard ITE crash diagram icons (6) 

in these crash spot maps. 

 

The investigations of this research project demonstrate that crash data format and availability 

vary among agencies.  TxDOT provides relatively consistent crash reports and summaries, from 

which much useful information can be obtained.  When working with off-state-system roads, 

however, one must usually rely on a local city or other entity to provide crash data.  The total 

number of crashes and types of crashes will always provide insightful and fundamental 

information about the safety of a corridor.  However, the consistency and usefulness of locally 

provided data details will make some data more useful than others for analysis.  Of course, the 

authors recognize the typical limitations of crash data (i.e., unreported crashes, erroneous data 

from processing, possible limitations of the report form, and causes of the crashes as described in 

reference 6); however, the results appear to demonstrate some useful relationships regarding 

access point density and crash rates described below. 

 

Quantitative Findings 

 

In the first year of this 2-year project, the most in-depth crash analysis and methodology 

development was performed on the Texas Avenue corridor in College Station, Texas.  

Researchers found that crash rates and severity decreased after the raised median was installed.  

Crash rates reduced from 4.3 to 1.8 crashes per million vehicle-miles of travel (as shown in 

Table S-3).  Crashes were reduced by nearly 60 percent after the installation of the raised 

median, and the severity of crashes also were reduced.  Conflict points along the corridor were 

reduced 26 percent.  More details can be found in the report. 
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Figure S-1 shows the relationship between the number of access points per mile and the 

associated crash rates along the corridors and/or partial segments of the corridors investigated in 

this study (see Table S-3).  Figure S-1 includes all of the test corridors in Table S-3 except US 

385 in Odessa (Grant Avenue), which was located in a downtown area and subsequently had a 

distinctly different operational characteristic than the other arterial corridors.  The relationship in 

Figure S-1 clearly indicates that there is an upward relationship in the crash rate as the number of 

access points per mile increases—irrespective of the median treatment (undivided, TWLTL, or 

raised).  A regression line is shown in Figure S-1 that yielded an R-squared value of 0.48.  The 

regression line only explains about half of the variability in the data; however, the relationship is 

clearly upward.  This upward trend is similar to what was found in national research in NCHRP 

Report 420 (5).  The researchers also investigated the relationship between the number of access 

points per mile and crash rate for the raised median projects and for the non-raised median 

corridors separately.  The relationship was still upward, but it was slightly steeper with the non-

raised median corridors (slope = 0.1225) compared to the raised median corridors (slope = 

0.0618).  It is intuitive that when the number of conflict points are reduced through turn 

restrictions along a raised median that there is a reduced slope in the relationship (i.e., relatively 

lower crash rates). 
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Table S-4 shows a comparison of the crash rates along the corridors where there was a “before” 

and “after” analysis of the crash records performed.  Table S-4 includes the corridor name, ADT 

after the raised median was installed, the “before” median condition, crash rates before and after 

the median installation, difference in the crash rates, percent difference in the crash rates, and the 

number of access points per mile.  There were five specific corridors, or segments of the 

corridors, studied before and after the raised median installation.  The final row of the table 

compares the average crash rate before and after the raised median installation on all of the 

remaining study corridors shown in Table S-1.  The result is that there is always a reduction in 

the crash rate due to the installation of the raised median.  The percent reduction ranges from 17 

to 58 percent.  This occurs over a range of access point densities from 20 to 53.  The two 

corridors that went from a TWLTL to a raised median experienced 17 and 58 percent reductions, 

while the two corridors that were previously undivided experienced 34 to 53 percent reductions.  

Finally, the average of all corridors together (final row of Table S-4) shows an average reduction 

of 31 percent going from either a TWLTL or undivided roadway to a raised median.  The 
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Figure S-1.  Relationship between Access Point Density and Crash Rates. 
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increased safety of the raised median has also been documented in NCHRP Report 395 (7) and 

NCHRP Report 420 (5). 

 

Table S-4.  Crash Rate Comparison of Corridors “Before” and 
“After” the Installation of a Raised Median. 

Crash Rate 

Corridor(s) ADT1 

“Before” 
Median 

Type 
“Before” 
Condition 

Raised 
Median 

Absolute 
Difference 

Percent 
Difference 

Access 
Points/Mile

College Station 
(Texas Avenue) 

41,000 TWLTL 4.3 1.8 -2.5 -58 54 

Longview 
(Loop 281) 

23,500 TWLTL 5.2 4.3 -0.9 -17 53 

Tulsa (west) 
(71st Street) 

30,500 Undivided 3.8 2.5 -1.3 -34 27 

Tulsa (west-central) 
(71st Street) 

29,500 Undivided 3.8 1.8 -2.0 -53 20 

Odessa 
(US 385) 

10,600 Undivided 19.6 15.4 -4.2 -21 50 

All Remaining 30,600 Varies 7.0 4.8 -2.2 -31 49 
1ADT is the traffic volume in the “after” condition that has the raised median present. 
2This is a comparison of the average crash rate for all the corridors “before” and “after” the raised median was 
installed.  Note that the “before” condition was typically a TWLTL (refer to Table S-3). 

 

The researchers recognize that oftentimes there are other improvements performed to a corridor 

that can increase their safety in addition to the raised median.  When the raised median was 

installed, there was often a roadway widening.  This can improve safety along the corridor; 

however, the crash rate indicates that for the increased level of travel along the corridor, there 

appears to be an improvement in safety for the corridors studied here. 

 

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 

 

Operational Impacts Assessed through Micro-simulation 

 

Although it is a valuable micro-simulation tool, VISSIM is a sophisticated program with a steep 

learning curve for a new user.  Any initial difficulty is primarily due to VISSIM’s numerous 

sophisticated input and output capabilities.  The process of inputting the different types of data 

into the micro-simulation was difficult and time-consuming.  Further, each alternative was run 

several times with visual examination to ensure the corridor was running correctly. 
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VISSIM allows the user to change numerous model inputs and to input the necessary available 

field data, which are both important aspects of the program.  Users can adjust design elements 

such as driveway spacing, number of lanes, speed limits, and right-turn-on-red.  VISSIM also 

allows the user to input signal timing and phases after they are optimized in a separate program 

such as SYNCHRO, which was used in this project.  The optimized timings and phases were 

entered into VISSIM from SYNCHRO, another time-consuming process in alternatives where 

multiple scenarios have multiple signals. The most time-consuming portion of the process is 

entering all the data into VISSIM and ensuring the corridor is calibrated to field conditions. 

 

VISSIM’s output abilities are just as impressive as the input characteristics.  For this study, 

travel time, speed, and delay were analyzed in the case studies and the theoretical corridors.  For 

this project, the research team simulated the peak hour.  This research found that VISSIM was 

useful for studying the effects of access management.  It should be noted that other software 

packages may be equally useful—only VISSIM was investigated for this study. 

 

The analysis results for the three case study corridors revealed small differences in travel time 

and delay between the existing (TWLTL) and proposed (raised median) conditions.  The 

proposed future conditions (approximately a 20 percent increase in traffic) resulted in a small 

percent increase in the overall travel time and delay.  The percentage difference in travel time, 

speed, and delay varied for each corridor.  Travel time on the Texas Avenue (Bryan, Texas) 

corridor decreased 11 to 38 percent with the raised median compared to the TWLTL in the future 

condition.  Travel time on the 31st Street (Temple, Texas) corridor increased 3 percent with a 

raised median compared to a TWLTL in the future condition, and on Broadway Avenue (Tyler, 

Texas) travel time increased 2 to 57 percent with the raised median treatment compared to a 

TWLTL in the future.  This resulted in a maximum of a 6 mph decrease in speed due to the 

raised median installation (Tyler) and as much as a 7 mph increase in speed with the raised 

median (Bryan).  These results are summarized in Table S-1. 

 

The reduction in travel time on Texas Avenue from the future TWLTL to the future raised 

median treatment might be attributed to prohibiting U-turns at a high-volume signalized 

intersection.  This forces vehicles to make U-turns at locations farther along the corridor, at 
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uncongested locations.  In effect, this takes less time than waiting for turning traffic in the more 

congested portions of the corridor.  This also allows for more through-movement green time, 

which can be reduced on corridors with high left-turn and U-turn movements.  The increased 

travel times from the future TWLTL to the future installation of raised medians in Temple and 

Tyler are likely due to overall increases in traffic on the corridor, as some U-turning vehicles 

must travel farther to reach their destination.  Increased travel time is also caused by U-turning 

vehicles that must weave across lanes to reach turn bays, which can cause traffic queues.  The U-

turning vehicles are also adding additional traffic on the roadways in the opposite direction of 

their origin.  The additional vehicle-miles of travel (VMT) likely causes travel time and delay to 

increase.  Delay may also increase slightly at the signalized intersections.  As noted previously, 

the percent difference in travel time along the Temple corridor was only about 3 percent when 

comparing the raised median alternative with the most median openings—the alternative most 

effectively handling the corridor turning movements.  It is hypothesized that increasing the 

number of median opening locations could have reduced the percent difference between the 

TWLTL and raised median alternatives to less than 3 percent. 

 

The theoretical corridor results also indicate small increases in travel time with the raised median 

treatment compared to the future TWLTL conditions.  The results are presented in Table S-2.  

Scenario 1 did not have a comparison between a TWLTL and a raised median because the 

driveway spacing was 660 feet, similar to the median openings, so it was essentially the same for 

both median treatments.  Travel time for Scenario 2 (five lane) increased 2 to 31 percent for the 

raised median compared to the TWLTL, while that for Scenario 2 (seven lane) increased 8 to 44 

percent with a raised median compared to the TWLTL.  The travel time increase with the raised 

median ranged from 1 to 22 percent in Scenario 3 when compared to the TWLTL.  More details 

on these comparisons can be found in the final report.  The reasons given for increases in travel 

time for the case studies are hypothesized for the theoretical corridors as well.  While the percent 

differences are large in some scenarios, the actual speed reduction averages 3 mph.  These small 

increases in travel time, and subsequent delay, appear to be outweighed by the reduction in the 

number of conflict points and increased safety—another impact analyzed in this study on 

additional test corridors. 
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Safety Impacts Assessed through Crash Analyses 

 

The investigations of this research project demonstrate that crash data format and availability 

vary among agencies.  TxDOT provides relatively consistent crash reports and summaries, from 

which much useful information can be obtained.  When working with off-state-system roads, 

however, one must usually rely on a local city or other entity to provide crash data.  The total 

number of crashes and types of crashes will always provide insightful and fundamental 

information about the safety of a corridor.  However, it was found that crash data accuracy, 

availability, and usefulness vary greatly among agencies.  For instance, it can be quite difficult, 

if not impossible, to obtain crash data dated more than 10 years ago.   

 

Detailed crash analysis on 11 test corridors indicated that as access point density increases, there 

is an increase in crash rates (Figure S-1).  This trend is irrespective of the median type, though 

the research team found that the relationship is steeper (increases slightly more) on roadways 

without raised medians.  For test corridors where crash data were investigated before and after 

the raised median installation, a reduction in the crash rate was always found (Table S-4).  It 

should be noted that the widening of the roadway and other roadway improvements typical when 

a raised median is installed can also improve the safety of the roadway.  However, crash rates are 

normalized by the increased traffic and appear to indicate that the roadway is improved with 

raised medians, and associated geometric changes, which reduces the number of conflict points. 

 

Future Research Needs 

 

Operational Impacts and Micro-simulation Analyses 

 

More research is needed to further identify the impact of access management treatments over a 

range of traffic volumes.  Although this project identified many valuable findings, primarily 

related to the potential implementation of raised medians, combinations of access management 

treatments along a corridor could be further investigated.  For example, the presence of 

acceleration and/or deceleration lanes at heavy driveway or cross-street locations could facilitate 

traffic movement.  Further, along the actual test corridors it is difficult to identify the precise 
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origin-destination patterns of vehicles without a costly origin-destination study to identify 

vehicle patterns both within and through the study corridor.  Although costly, it would also be 

valuable to investigate longer corridors with combinations of access management techniques, as 

those provided here were relatively short (0.5 to 1.5 miles). 

 

Implementing an origin-destination (O-D) matrix for vehicle trips is another topic that could be 

further researched.  In the case studies for this project, vehicle origin was used to determine 

likely destinations through assumptions, which were consistent across scenarios.  A matrix was 

designed in which the vehicle entrance location determined where the vehicle would exit the 

system; however, due to budgetary limitations, the research team did not automate the O-D 

matrix.  Therefore, ensuring the number of vehicles in the corridor was relatively consistent with 

field observations required numerous checks.   

 

The theoretical corridors could also use additional research on the effects of travel time, speed, 

and delay as a consequence of higher traffic volumes.  In the theoretical corridors, the spacing of 

median openings remained constant.  The results of varying the distance of the openings would 

also be of interest. 

 

Finally, it would be preferable if such further analyses could be performed on actual field sites, 

along with a crash analysis on the same site, though finding such sites and performing such data 

collection can be difficult and costly. 

 

Safety Analyses 

 

While this project was able to consider several years of data on each of the case study corridors, 

additional studies on these (and other) corridors will provide additional confidence in the 

findings.  It will be useful to identify additional corridors where raised medians are planned or 

where there are plans to change access point densities and begin collecting crash and traffic 

volume data from years prior to the changes.  The access point density changes may come from 

increases due to land development or from decreases due to driveway consolidations or land 

redevelopment. 
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Combining Micro-simulation and Safety Analyses 

 

To date, analysts have had to review crash reports (if available) for corridors to investigate the 

safety of installed treatments and operational improvements (travel time, speed, and delay) that 

may eventually be investigated through micro-simulation.  Recent research sponsored by the 

Federal Highway Administration (FHWA) has investigated the inclusion of surrogate safety 

measures into micro-simulation (8).  Ultimately, such methods would allow the analyst to obtain 

estimates of safety impacts from transportation alternatives in the same micro-simulation model 

that provides operational performance data.  The FHWA work describes surrogate safety 

measures such as the time-to-collision (TTC) concept.  TTC considers two vehicles with 

eventually crossing trajectories and computes the time that the two vehicles would collide if they 

maintained their current vectors at each time step of the micro-simulation.  A percentage of the 

TTCs under a certain time in seconds for the micro-simulation can be used as a surrogate for 

safety.  The intent is that the TTC would identify the stop-and-go acceleration characteristics that 

might be present for different transportation alternatives—allowing them to be compared from a 

safety perspective.  TTI is in the process of investigating the use of the TTC in the VISSIM 

environment with the micro-simulation test corridors described in this paper.  Proof-of-concept 

and early results of this work are published in two available conference papers (1,2). 
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CHAPTER 1 
 

INTRODUCTION 
 

Traffic volumes and congestion have increased in recent years, particularly on arterial streets.  

The primary purpose of arterial streets is to move vehicles while providing necessary access to 

residential and commercial developments.  Unlimited access directly from businesses and/or 

residences to arterial streets causes average speeds to decrease and diminishes the capacity of the 

arterial.  Frequent access also presents safety concerns by providing more locations for potential 

conflicts of vehicles’ paths.  Past solutions have involved building relief routes to the arterial; 

however, it is very common for the same problems to eventually occur on the relief route.  In 

some cases, tertiary relief routes have also been built. 

 

A better, more cost-efficient alternative to building relief routes is incorporating access 

management techniques into the design of arterials.  This practice is most successful when 

included in the original design of the arterial, but can also be applied through retrofit projects on 

existing roads.  Access management techniques such as raised medians, turn lanes, auxiliary 

lanes, median opening spacing, and driveway spacing protect public investment in the arterial by 

preserving its function of moving vehicles.  Such design methods also provide a safer street for 

the motoring public by decreasing the potential number of conflict points occurring at 

intersections. 

 

In recent years, there has been increased interest in access management principles and techniques 

in Texas.  Several Texas Department of Transportation (TxDOT) district and division staff 

members have expressed a desire to have access management guidelines in place to help them 

design arterial facilities and to help manage access locations.  TxDOT recently published the 

Access Management Manual at http://manuals.dot.state.tx.us/dynaweb/coldesig/acm.  Texas 

Transportation Institute (TTI) assisted the TxDOT Design Division in the development of the 

Access Management Manual.  This research project estimates the impacts of access management 

techniques. 

http://manuals.dot.state.tx.us/dynaweb/coldesig/acm
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1.1 PROJECT OBJECTIVES 

 
The primary objectives of this research effort are to: 

 

1. Estimate the impacts of access management techniques through field data collection at three 

selected sites in Texas and simulation of traffic performance.  Simulation will also be 

performed on three theoretical scenarios to evaluate different geometric and traffic 

conditions.   

 

2. Estimate the safety benefits of access management treatments by investigating crash data 

from selected sites in Texas and Oklahoma where access management treatments are 

installed.  A key part of the crash analysis will be assessing the quality of the crash 

information used in the analysis. 

 

Both objectives focus on estimating the impacts of access management treatments—either by 

simulation of traffic performance or by investigating crash data.  In the first year of the research 

project, the research team focused on portions of both objectives.  Simulation of one corridor 

along Texas Avenue in Bryan, Texas, was performed, and findings were included in Report 0-

4221-1 (9).  Since the publication of Report 0-4221-1, the research team has discovered more 

about the abilities and limitations of the micro-simulation package Verkehr in Städten 

Simulation (Traffic in Cities-Simulation) (VISSIM).  The research team re-evaluated the Texas 

Avenue corridor in the second year of the study, and the results are provided in this report.  

Section 2.3 of this report provides more information regarding the use of micro-simulation of 

access management treatments.  The research team also performed micro-simulation along two 

additional corridors in the second year of the study.  Finally, the research team developed 

theoretical scenarios that TxDOT can use in alternatives analysis of various arterial street 

configurations with access management treatments. 

 

The second objective was also addressed in the first year of the study.  Extensive quality 

assurance of the crash data along one study corridor in College Station, Texas (Texas Avenue), 

was performed, and the findings related to summarizing the crash data are presented in this 
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report.  Findings of crash trends are also reported for this location, where a raised median 

replaced a two-way left-turn lane (TWLTL).  Discussion is provided about other locations where 

crash data were collected as well. 

 

In the second year and one-half of the study, the research team obtained, analyzed, and 

summarized crash and traffic volume data for 11 other corridors.  These corridors had four or six 

lanes, some with continuous TWLTLs and others with raised medians.  The corridors also had 

varying access point densities. 

 

1.2 WORK PLAN 

 

Researchers identified and performed the tasks listed and described below to complete the 

project.  The research team completed several portions of the tasks in the first year of the 

research project, and then completed the remaining tasks in the subsequent year and a half of the 

research project.   

 

1.2.1 Identify Relevant Literature 

 

The task to review state-of-the-practice was removed from the original work proposal due to a 

reduction in the project budget.  However, the research team needed to review some literature 

related to crash studies.  The research team was also familiar with references on the subject 

necessary for the analysis due to their involvement in other state and national access 

management activities. 

 

1.2.2 Identify Analysis Tools and Prioritize Access Management Techniques 

 

This second task in the original proposal was also removed due to budget reductions.  The 

literature review was intended to identify many different simulation models and/or procedures 

for use in quantifying the benefits of access management techniques.  The research team chose to 

use the VISSIM microscopic simulation software package based on its ability to model median 
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treatments along arterial streets.  The research team also investigated relevant literature on the 

VISSIM model. 

 

This task was intended to determine which access management techniques would be investigated 

in the research project.  This was achieved through project advisory group meetings.  The 

primary access management treatments investigated in the project were the installation of raised 

medians and driveway consolidation.   

 

1.2.3 Identify Study Corridors and Perform Data Collection 

 

Case study locations were identified for both the simulation and crash studies.  Researchers 

collected field data at the case study locations to simulate the operational improvement 

alternatives due to access management techniques.  Crash data were collected at several study 

locations for the crash analysis. 

 

1.2.4 Analyze and Summarize Case Study Data 

 

Coding and operating the VISSIM software is quite complex.  This report documents some 

aspects to look for in seeking an appropriate simulation model for investigating the impacts of 

access management (see Section 2.3).  Simulation findings are provided for the case study 

corridors investigated.  The researchers also performed quality assurance of the crash data at 

several case study locations, and these procedures and experiences are documented in this report. 

Access management-related safety results are included where raised medians have been installed 

and where there have been changes in driveway density.   

 

1.2.5 Perform Sensitivity Analysis 

 

The intent of this task was to perform sensitivity analysis for varying traffic conditions and 

access management treatments for which field case study locations could not be identified.  

Because not all access management treatments and differing traffic conditions could be found in 

the case studies, this analysis “fills the gaps” between conditions that could be analyzed directly 
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from the actual case study locations and other situations of interest.  The research team met with 

TxDOT staff members to identify the most useful scenarios to create in a VISSIM environment 

for TxDOT’s future use with alternatives analysis.   

 

Finally, many detailed steps are required for the operation of VISSIM.  The research team 

developed a simplified list of steps for VISSIM use with accompanying default values and 

necessary inputs for application of the scenarios by TxDOT (see Appendix A). 

 

1.3 REPORT ORGANIZATION  

 

This report is organized into a summary, four chapters, and three appendices, as described 

below: 

• Executive Summary.  The summary provides an overview of the research and results. 

• Chapter 1, Introduction.  This chapter presents an introduction to the research topic, 

objectives, and procedures. 

• Chapter 2, Micro-simulation Methodology and Findings.  This chapter discusses the 

VISSIM model used for simulation of traffic performance with access management 

treatments.  This chapter also presents the findings of the case study analysis and the 

theoretical corridors.   

• Chapter 3, Crash Analysis Methodology and Findings.  This chapter discusses the quality 

assurance researchers performed on the crash data obtained for the sites they selected for 

estimating safety benefits of access management treatments.  Safety impacts related to 

installing raised medians or variations in driveway density at the case study locations are also 

included.   

• Chapter 4, Recommendations and Discussion.  This chapter describes the recommendations 

and discussion related to the findings in the report. 

• References.  This section lists the references used in this report. 

• Appendix A.  This section includes a simplified VISSIM procedure. 
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• Appendix B.  This section describes the DPS crash-reporting process and appropriate forms. 

• Appendix C.  This section includes summary crash data for the Texas Avenue study corridor. 
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CHAPTER 2 
 

MICRO-SIMULATION METHODOLOGY AND FINDINGS 
 

This chapter describes the simulation performed in VISSIM to evaluate traffic operations along 

select corridors in Texas before-and-after implementation of access management treatments.  

Three case studies are described along with simulation findings.  The Texas Avenue (Bryan, 

Texas) case study location was completed in the first year of the study, and findings of the 

analysis were included in Report 0-4221-1.  That corridor was reanalyzed for this report to 

benefit from new information about the VISSIM model and its operation.  Results of the 

subsequent analyses are described in this chapter of the report.  This chapter also includes 

findings from two other case study corridors. 

 

In addition to the three case study locations simulated in VISSIM, theoretical corridors were 

developed to assess the impacts of different access management treatments.  Both the study 

corridors and theoretical corridors provide insight into the operational impacts of different 

driveway densities and converting from a TWLTL to a raised median. 

 

2.1 SIMULATION CASE STUDY LOCATIONS 

 
Researchers identified three case study locations for simulation analysis in Texas.  Traffic 

performance was simulated before and after access management alternatives were implemented. 

The three case study locations are: 

• Texas Avenue in Bryan, 

• 31st Street in Temple, and 

• Broadway Avenue in Tyler. 

 

These case study locations and summaries of the findings are described in further detail in the 

sections that follow the description of the VISSIM model. 
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2.2 VISSIM MODEL 

 

VISSIM is a microscopic, time step, and behavior-based model developed to simulate urban 

traffic and transit operations (10).  Researchers chose this modeling tool for its unique ability to 

simulate specific complex multiple-conflict points and dynamics associated with the TWLTL 

arterial environment.  The research team used the model to quantify the performance measures of 

travel time, speed, and delay along the study corridors.   

 

VISSIM is an ideal tool for modeling changes from a TWLTL to a raised median because of its 

dynamic routing system, unique to VISSIM.  When a route is removed (i.e., a left-turn 

movement is eliminated when a raised median is installed), VISSIM causes the vehicle to 

automatically find the next shortest route, which is the next median opening.  VISSIM can also 

animate the simulation.  Therefore, the user can visually identify any problems occurring in the 

model and check the model for accuracy.  This visual animation is also an informative tool that 

the public can easily see and understand. 

 

Although VISSIM is a good modeling tool, it cannot optimize signal timing.  Whenever traffic 

volumes or roadway geometrics change, the user must optimize the signal timing, allowing 

maximum flow of vehicles through the intersection.  Comparing the incremental benefits of 

various alternatives is more accurate when all the scenarios have optimized signal timing.   

 

2.2.1 Inputs and Coding 

 

The first step in creating the model was gathering the necessary data.  Generally, the research 

team obtained an aerial photograph of the site for use as the background in VISSIM.  The 

research team found that opening VISSIM with the background in place slowed the simulation.  

Researchers manually collected the necessary geometrics such as lane configurations, lane 

widths, driveway widths, distance between driveways, and lengths of dedicated lanes.  They also 

collected traffic volumes on the mainlanes and turning movement counts at signalized 

intersections and driveways along the corridor.  These counts were taken during the noon and 

evening peak hours.  Researchers also obtained signal timing for the signalized intersections on 
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the corridor.  Finally, the team completed travel time runs using the floating-car method (11) in 

both directions on the corridor during the peak hour.  The data collected during the travel time 

runs were used in the calibration process to ensure that the VISSIM model was operating in a 

similar manner to the travel time run data collected in the field.   

 

Research team members input the gathered information into VISSIM, which was a tedious task.  

For a new user, entering these data can be a very time-consuming process.  However, as the user 

becomes more familiar with the software, this stage of the modeling procedure becomes easier 

and less time consuming.  For a more detailed description of the input and coding processes, 

refer to the VISSIM procedure in Appendix A. 

 

2.2.2 Testing and Calibration 

 

Once the VISSIM model was completed, it was tested and calibrated.  Researchers reviewed the 

on-screen animation and model outputs to determine the model’s accuracy in simulating field 

operations.  The user then viewed the on-screen animation to check the realism of queue lengths. 

Computer operators then compared the travel time outputs to those collected with the field travel 

time runs.  Speed distributions were calibrated slightly (when necessary) to ensure that the 

VISSIM model’s travel times were similar to the floating-car travel time data collected in the 

field. 

 

2.3 DISCUSSION OF MICRO-SIMULATION FINDINGS 

 

While the VISSIM model appears to be a very promising micro-simulation tool for simulating 

access management treatments, there is a steep learning curve for analysts.  Throughout the 

research project, the research team continued to learn more about the VISSIM model and 

received frequent software updates from VISSIM.   

 

One specific consideration with VISSIM is that micro-simulation results should be based on 

numerous runs of the same conditions along a corridor.  This is because VISSIM is a stochastic 

model in which the numerous input variables are modeled—often according to distributions 
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(e.g., speed, acceleration characteristics, vehicle types, and motorist behavior).  Therefore, each 

run of the simulation provides one estimate of the performance measure.  The travel time and 

delay findings provided in Report 0-4221-1 for Texas Avenue are the result of one simulation 

run.  The results shown in this report are based on three simulation runs, after which the results 

were similar enough to average their results.   

 

The research team prepared conference papers that document some of the lessons learned while 

assessing the impacts of access management using micro-simulation (1,2).  The papers describe 

using the input and output characteristics of a tool to simulate access management alternatives. 

One key input characteristic is the ability to insert geometric conditions to scale (e.g., lane width 

and turning radii).  Also key are the operational inputs that affect traffic flow, including gap 

acceptance, speed, and acceleration characteristics.  The model should allow inputting traffic 

signal information.  It is also important that users have full control of the network demand and 

motorist origin-destination routes to ensure that changes in the performance measures between 

alternatives are really due to the geometric changes between alternatives rather than difficult 

weaving caused by inconsistent handling of origin-destination patterns between alternatives.  

Finally, the micro-simulation user must understand the underlying theory behind the micro-

simulation model and the model must be calibrated to field conditions.  

 

The conference papers also describe necessary output characteristics for a simulation model.  

One vital output characteristic is the ability to analyze the system or corridor at any level of 

spatial or temporal detail.  Spatial analysis allows for specific analysis at a certain location(s) 

along the study corridor, while temporal flexibility allows for an evaluation of the corridor, or 

specific segments of the corridor, over time.  It is also beneficial if the simulation model 

incorporates an animation feature to watch a simulation run.  This feature allows a visual check 

of the successful operation of the program and is an informative visual tool for displaying 

different alternatives.  The VISSIM micro-simulation tool satisfies these preferred input and 

output characteristics.
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2.4 TEXAS AVENUE (BRYAN) CASE STUDY LOCATION 

 

2.4.1 General Description 

 

The Texas Avenue study corridor is a five-lane major arterial with a continuous two-way left-

turn lane.  The major traffic generators along this section of Texas Avenue include fast-food 

restaurants, a drug store, a bank, office buildings, and a shopping center anchored by a large 

video store.  Various retail and commercial developments also exist along this section.  

Currently, a TWLTL serves as the median treatment along this section of Texas Avenue.  This 

corridor has a signal density of 3.0 signals per mile.  Figure 2-1 shows the Texas Avenue study 

site between the two arrows.  The northbound view of the Texas Avenue corridor is shown in 

Figure 2-2 from the Villa Maria signalized intersection.  Figure 2-3 shows the TWLTL along 

Texas Avenue with the Villa Maria intersection in the background. 

 

2.4.2  Traffic Operations Analysis 

 

Data Collection 

 

Researchers collected traffic volume data on Texas Avenue between Dunn Street and Dellwood 

Street in March and April of 2002.  They also collected average daily traffic (ADT) data on 

Texas Avenue at two locations using tube counters south of Dunn Street and north of Dellwood 

Street. The estimated ADT from loop counts at two locations on Texas Avenue north and south 

of Villa Maria was approximately 18,200 and 16,600, respectively.  Researchers collected noon 

and evening turning movement counts at the intersections of Texas Avenue and Villa Maria 

Road and Texas Avenue and Sulphur Springs/Eagle Pass Road.  They also collected turning 

movement counts at all of the driveways between Dunn Street and Dellwood Street.  The team 

videotaped traffic on the corridor and later reduced the data to obtain specific counts.
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Figure 2-2.  Texas Avenue Facing North from Villa Maria. 

Figure 2-1.  Texas Avenue Study Site in Bryan, Texas, Used for Operational Analysis 
(Map Provided by MapQuest.com, Inc.).
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Traffic Demand 

 

Researchers evaluated existing and proposed conditions using existing traffic volumes.  The 

noon peak hour consisted of the highest mainlane and driveway traffic volumes; therefore, the 

team used the noon peak-hour volumes for the operational analysis. 

 

For the raised median condition, VISSIM automatically rerouted existing traffic volumes to 

alternate routes to their destinations.  For example, a left-turning motorist from a driveway that 

was prohibited by the installation of the raised median would turn right and make a U-turn at the 

first median opening.   

 

Vehicle Conflict Points 

 

As part of this study, researchers conducted an evaluation of vehicle conflict points for existing 

and proposed conditions.  The existing condition on Texas Avenue consists of a five-lane arterial 

with a TWLTL.  At the intersections of Texas Avenue with Villa Maria Road and Eagle Pass/ 

Sulphur Springs Road, the TWLTL transitions to a conventional left-turn lane. 

Figure 2-3.  Texas Avenue Facing North with Villa Maria in the  Background. 
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Previous national research suggests that a TWLTL providing access to numerous driveways can 

be a safety problem due to the numerous conflict points (7).  Table 2-1 presents an estimate of 

the number of existing conflict points based on the type and number of intersections and 

driveways on Texas Avenue between Dunn Street and Dellwood Street. 

 
Table 2-1.  Texas Avenue Existing Condition Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 
Types along Study 

Corridor 

Conflict Points 
per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersection 
(TWLTL) 40 13 5 520 

T-Intersection (RM) 0 2 5 0 
T-Intersection (RMO) 0 11 5 0 

RMO only 0 5 5 0 
Dellwood  

Intersection  1 46 5 46 

Villa Maria 
 Intersection  1 52 5 52 

Sulphur Springs 
 Intersection  1 46 5 46 

Mary Lake 
 Intersection 1 46 5 46 

Dunn 
Intersection 1 46 5 46 

Total 756 
1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 
 

The proposed condition consists of a raised median between Dunn Street and Dellwood Street 

with full median openings north of Dellwood Street, between Villa Maria Road and Sulphur 

Springs Road, at Sulphur Springs Road, and at Dunn Street.  Table 2-2 summarizes the estimated 

number of conflict points for the proposed condition.  The proposed condition reduces the 

number of potential conflicts from 756 to 297, a reduction of approximately 60 percent. 
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Table 2-2.  Texas Avenue Proposed Condition Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 
Types along Study 

Corridor 

Conflict Points 
per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersection 
(TWLTL) 0 13 5 0 

T-Intersection (RM) 38 2 5 76 
T-Intersection (RMO) 4 11 5 44 

RMO only 1 5 5 5 
Dellwood Intersection 1 4 5 4 

Villa Maria 
Intersection 1 52 5 52 

Sulphur Springs 
Intersection 1 56 5 56 

Mary Lake 
Intersection 1 4 5 4 

Dunn  
Intersection 1 56 5 56 

Total 297 
1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 
Analysis Conditions 

 

Researchers used VISSIM to model the following: (1) existing condition, (2) optimized existing 

condition, (3) proposed condition with a raised median, (4) proposed future (higher volume) 

condition with a raised median, (5) future condition (higher volume) with the current TWLTL 

along Texas Avenue (6) proposed future with a raised median and (7) future TWLTL at 48,000 

ADT.  The following sections describe the details of the seven conditions.  The VISSIM model 

evaluated travel time and delay along the Texas Avenue corridor under each of the seven 

conditions.   

 

1.  Existing Condition.  Texas Avenue is a five-lane arterial roadway with a TWLTL as the 

center lane.  The corridor is 0.66 miles in length with an ADT of approximately 18,200 north of 

Villa Maria and approximately 16,600 south of Villa Maria.  The driveway density is 40 and 50 
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driveways per mile on the east and west side of Texas Avenue, respectively.  The current signal 

timings were collected from the City of Bryan and used in this model.  Figure 2-4 shows the 

approximate location of streets and driveways. 

 

 

2.  Optimized Existing Condition.  In the optimized condition, the existing geometry on Texas 

Avenue remains the same, but signal timing at the two signalized intersections on the corridor 

was optimized using SYNCHRO, a signal optimization software. 

 

3.  Proposed Condition with a Raised Median.  In this proposed condition, a raised median 

replaces the TWLTL.  U-turn median openings range in spacing from 690 to 1,320 feet.  U-turns 

are allowed at the median openings north and south of Villa Maria Road and at the intersection 

of Texas Avenue and Sulphur Springs Road.  The U-turn locations are approximated in Figure 2-

4.  Because of the existing high traffic volumes at the intersection of Texas Avenue and Villa 

Maria Road, U-turns are not allowed at this intersection.  U-turns are rerouted to median 

openings located north and south of Villa Maria Road.  Signal timing was also optimized in the 

proposed condition. 

 

4.  Proposed Future Condition with a Raised Median.  Researchers increased the traffic volume 

along Texas Avenue to analyze how Texas Avenue may operate in the future.  Traffic volume 

was increased by 20 percent, which equates to approximately 2 percent per year for 10 years to 

Not to scale: See Figure 2-1 for Scale

Dellwood Villa Maria 

Elm 

Eagle 

Sulphur Springs 

Brook 
Mary Lake 

Dunn 

 N 

Figure 2-4.  Schematic to Illustrate Approximate Driveway, Street, 
and U-turn Locations for Operational Scenarios. 
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yield 21,800 vehicles per day north of Villa Maria and 19,900 vehicles per day south of Villa 

Maria.  The increase resulted in approximately 400 additional vehicles on Texas Avenue during 

the peak hour.  The future condition was analyzed for the five-lane cross section with a center 

raised median.  The high traffic volume at the intersection of Texas Avenue and Villa Maria 

Road required mitigation to allow traffic flow through the intersection.  Therefore, dual left-turn 

lanes were added on the south, east, and west approaches to the intersection.  Dual left-turn lanes 

are currently present on the north approach.  Signal timing was also optimized in both of the 

future conditions.  Median spacing is the same as for the proposed condition (#3). 

 

5.  Future Condition with a TWLTL.  This condition is the same as #4 above except that a 

TWLTL replaces the raised median. 

 

6.  Proposed Future with a Raised Median.  This condition is the same as option #4 at 

approximately 48,000 ADT. 

 

7.  Future TWLTL.  This condition is the same as option #5 at approximately 48,000 ADT. 

 

Analysis Procedure 

 

The research team conducted travel time and delay analyses to create the existing and proposed 

conditions along Texas Avenue.  The VISSIM model then evaluated travel time and delay along 

the Texas Avenue corridor under each of the seven conditions listed above.  Three simulations of 

each scenario were performed, each using a different random number seed.  The random number 

seed was constant for a given replication across each of the alternatives.  The random number 

seed was varied across replications to randomize the micro-simulation.  VISSIM generated three 

travel time and delay estimates for each corridor scenario.   

 

VISSIM allows for evaluation or analysis of different performance measures.  Travel time and 

delay were two measures analyzed in this study.  Travel time estimates were generated for both 

northbound and southbound vehicles for the entire corridor, by placing a travel time 

measurement location where the analysis started and stopped as vehicles crossed these points.  
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Traveling northbound, a beginning travel time measurement “bar” was placed before the Dunn 

Street intersection and an ending travel time measurement bar was placed after the Dellwood 

Street intersection.  This distance of 0.66 mile is somewhat longer than the study corridor length. 

The bars were located to ensure that vehicles were created upstream prior to reaching the 

analysis zone of the corridor.  The travel time measurement bars were placed in the same 

locations in the southbound direction, with the start before the Dellwood Street intersection and 

the end after the Dunn Street intersection.  Floating-car travel time runs during the noon peak 

hour provided data to compare with VISSIM for calibration purposes.  During this time, research 

team members traveled the corridor six times in each direction.  The average travel times from 

the floating-car runs were comparable to the VISSIM travel times; however, the speed 

distributions in VISSIM were calibrated to match the field travel time data. 

 

Findings 

 

Table 2-3 summarizes the findings of the travel time analysis.  From the existing condition to the 

optimized existing condition, the travel time decreases 8 seconds (approximately 7 percent).  

Therefore, optimizing signal timing does lower the travel time on the corridor.  This result 

illustrates the importance of signal optimization as a low-cost improvement.  Travel time 

increases approximately 12 percent in the proposed future condition with the raised median 

compared to the optimized condition.  This phenomenon can be attributed to an overall increase 

in traffic on the corridor, as some U-turning vehicles must travel farther to reach their 

destination.  The increased traffic can also increase delay at the intersections.  Increased delay is 

expected at the Texas Avenue and Eagle Pass/Sulphur Springs signalized intersection because of 

additional U-turning traffic.  Additional delay is also expected at the Texas Avenue and Villa 

Maria signalized intersection, due to a greater number of vehicles traveling through the 

intersection to reach median openings located north and south of the intersection.   

 

Because mitigation was necessary at the intersection of Texas Avenue and Villa Maria, it is 

difficult to compare the existing condition to the future conditions.  Therefore, the proposed 

future condition with a raised median is compared to the future condition with a TWLTL.  Travel 

times are lower overall in the proposed future condition with a raised median than those in the 
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future condition with a TWLTL.  On Texas Avenue, the weighted average travel time is 26.0 

seconds longer (an increase of approximately 26 percent) for the proposed future condition with 

a TWLTL than the optimized existing condition.  Placing a raised median along the corridor 

increases the travel time over the existing condition.  The weighted average travel time increases 

by 12.2 seconds (12 percent) from the optimized existing condition to the existing proposed 

condition with a raised median.  However, future travel times are shorter when the TWLTL is 

replaced by a raised median relative to a TWLTL.  Overall, comparing the TWLTL to the raised 

median alternative, travel times decrease on the corridor by 13.8 seconds (a reduction of 

approximately 11 percent) in the future condition (volumes at existing plus 20 percent) when the 

raised median is present, and at an ADT of approximately 48,000 they decrease by 79 seconds 

(38 percent).  This analysis indicates a travel time benefit with the raised median installation. 

 

Table 2-3. Texas Avenue Travel Time Analysis Findings. 

Scenario 

Eastbound 
Travel 
Time 

(seconds) 

Westbound 
Travel 
Time 

(seconds) 

Weighted 
Average 

Travel Time 
(seconds) 

1. Existing (TWLTL) 122.8 96.4 109.4 
2. Optimized Existing (TWLTL) 107.9 97.1 101.2 
3. Proposed (RM) 105.0 109.9 107.7 
4. Proposed Future (RM)1 115.4 111.3 113.4 
5. Future (TWLTL)1 130.2 124.1 127.2 
6. Proposed Future (RM)2 125.9 129.5 128.1 
7. Future (TWLTL)2 179.6 220.2 207.1 
1Future traffic volume at existing plus 20 percent. 
2Future traffic volume at approximately 48,000 ADT. 
Note:  Travel times are reported for all vehicles that travel in a given direction through the entire 
corridor. 

 
 

VISSIM uses node evaluations to analyze delay.  This was done by tracing the four approaching 

legs of the intersection and the intersection itself and drawing a node around each signalized 

intersection (Villa Maria and Sulphur Springs/Eagle Pass).  The lengths of the node legs along 

the corridor extend to the next signalized intersection on one end and past the time travel 

measurement location in the other direction.  The length of the node legs on the cross streets 
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varies to include the most representative portion of the roadway.  Table 2-4 presents the delay 

analysis findings.  As expected, the delay results follow a trend similar to that of the travel time 

results shown in Table 2-3.  From the existing condition to the optimized existing condition, the 

average delay decreases approximately 23 percent.  Therefore, optimizing signal timing does 

reduce delay along the corridor.  On Texas Avenue, the proposed future condition with raised 

median results in 2.3 seconds less delay than the future condition with the TWLTL.  This equates 

to an approximate 8 percent decrease in delay with the raised median. 

 

At approximately 48,000 ADT, there is more than a 30 seconds per vehicle difference between 

the TWLTL and raised median alternative.  These delay and travel time results appear to indicate 

that installation of a raised median along this corridor would be beneficial. 

 

Table 2-4. Texas Avenue Average Delay Analysis Findings. 

Scenario 
Average Delay 
(seconds per 

vehicle) 
1. Existing (TWLTL) 23.8 
2. Optimized Existing (TWLTL) 18.4 
3. Proposed (RM) 24.1 
4. Proposed Future (RM)1 27.5 
5. Future (TWLTL)1 29.8 
6. Proposed Future (RM)2 49.6 
7. Future (TWLTL) 82.9 
1Future traffic volume at existing plus 20 percent. 
2Future traffic volume at approximately 48,000 ADT. 

 
 

2.4.3 Discussion  

 

Managing left-turn movements with the proposed median can reduce the number of potential 

conflict points by approximately 60 percent and possibly reduce angular and head-on crash 

potential along the Texas Avenue case study corridor.  The proposed raised median, however, 

limits access and results in more traffic at the signalized intersections due to rerouting U-turn 
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traffic.  The increase in traffic may also require additional capacity at the intersection along with 

optimized signal timing. 

 

The analysis of this corridor shows differences in travel time and delay between the existing and 

proposed conditions.  The proposed condition with raised median present reveals a slight 

increase in overall travel time and delay due to an overall increase in traffic on the corridor, as 

some U-turning vehicles must travel farther to reach their destination.  Delay is likely to increase 

at the intersections as well, particularly at the signalized intersections of Villa Maria and Sulphur 

Springs/Eagle Pass, because of additional U-turning traffic.    

 

Adding approximately 20 percent to the traffic volume, equating to approximately 2 percent 

growth per year over 10 years, requires mitigation at the intersection of Texas Avenue and Villa 

Maria.  Based on the analysis, the installation of a raised median on Texas Avenue would result 

in travel times 13.8 seconds (11 percent) shorter and delays 2.3 seconds (8 percent) shorter than 

if a TWLTL was present along the corridor with an increase in traffic volumes of 20 percent.  It 

appears that a raised median would handle the increased traffic volumes more efficiently.  When 

traffic volumes are increased to approximately 48,000 ADT, the installation of a raised median 

results in a travel time 79 seconds (38 percent) shorter and delays more than 30 seconds per 

vehicle (40 percent) shorter. 

 

2.5 31ST STREET (FM 1741) (TEMPLE) CASE STUDY LOCATION 

 

2.5.1 General Description 

 

The second case study corridor is in Temple, Texas, on 31st Street, from Canyon Creek Road to 

the Colonial Mall entrance.  This road segment, a five-lane arterial, includes a TWLTL with a 

signal density of 5.6 signals per mile.  A wide variety of land uses abut 31st Street, including 

single-family residences, apartment complexes, stand-alone retail stores, shopping centers, and 

office buildings.  The study site is shown between the arrows in Figure 2-5.  Figure 2-6 depicts 

the northern end of the corridor, where most of the retail establishments are located.  Figure 2-7 
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shows the southern end of the corridor, characterized by single-family residences with driveways 

intersecting 31st Street, as well as apartment complexes.  

 

 

 

 

 

 

Figure 2-6.  Southbound 31st Street at Colonial Mall Entrance. 

Figure 2-5.  31st Street Study Site in Temple, Texas, Used for Operational Analysis 
(Map Provided by MapQuest.com, Inc.).
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2.5.2 Traffic Operations Analysis 

 

The research team performed a traffic operations analysis along a 0.71-mile section of 31st Street 

between Canyon Creek Drive and the Colonial Mall entrance.  Researchers analyzed the current 

condition, optimized current condition, five different proposed median opening options (Options 

A, B, C, D, and E), and future traffic volumes of each of the options.  The subsequent sections 

describe the data collection, traffic demand, analysis procedures, and findings.  

 

Data Collection 

 

The research team collected traffic volume data on 31st Street from Canyon Creek Drive to the 

Colonial Mall entrance using on-site data collection and video cameras; data were reduced at the 

College Station office.  The actual counting and videotaping included all turning and through 

movements at every cross street and driveway intersection occurring from 11:30 a.m. to 1:30 

p.m. (noon peak period) and from 4:30 p.m. to 6:00 p.m. (evening peak period).  Researchers 

collected data from every driveway over a 3-day period.  Signal timing obtained from the video 

tapes was also compared to the signal timing from the City of Temple.  For ease of data analysis 

and for input to VISSIM, researchers arranged the data to turning movements at each driveway 

and through and turning movements at every signalized and un-signalized intersection.  Because 

Figure 2-7.  Northbound 31st Street, North of Canyon Creek Road. 
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of time limitations, the floating-car method was used to obtain field travel time data during peak 

hours approximately 2 months after the traffic volume data collection.  

 

Traffic Demand 

 

The traffic volume data indicated that the peak hour was from 4:45 p.m. to 5:45 p.m.  Therefore, 

researchers used this time period for the VISSIM analysis. 

 

For the raised median conditions, VISSIM automatically rerouted existing traffic volume to 

reach their destination.  For example, a left-turning motorist prohibited by the installation of the 

raised median would turn right and then make a U-turn at the first median opening.  In instances 

where corner lots consisted of large left-turning volumes, traffic was rerouted to a side street to 

replicate field conditions.  This allowed vehicles to make a left turn instead of a U-turn at the 

first median opening in the opposite direction of desired travel. For signalized intersections with 

a left-turning volume of approximately 250 or more, a second turn lane was installed for the 

proposed condition.  Due to the high southbound U-turn volume at the Marlandwood 

intersection, a dual left-turn lane was installed, and the innermost lane could make U-turns and 

left turns.   

 

The ADT for the 31st Street corridor is approximately 13,300.  The future condition with a 20 

percent increase in traffic volume has an ADT of approximately 16,000.  The ADT for the 

existing condition was estimated by dividing the directional design hour volume (DDHV) for 

each direction by the estimated K-factor (peak-hour proportion of daily traffic) of 0.135 and D-

factor (directional distribution).  The K-factor value was estimated for a suburban area (4).  

Researchers estimated DDHV for the volume of vehicles entering the corridor from both ends.  

The D-factor for northbound traffic was 0.4, and for southbound traffic it was 0.6.  The ADT for 

both directions was averaged, giving the overall ADT. 
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Vehicle Conflict Points 

 

Vehicle conflict points are any location where two vehicles can potentially cross paths.  Conflict 

points occur with crossing through movements, turning across lanes, or merging or diverging 

maneuvers from an intersection or driveway.  An example of a diverging conflict point would be 

a location where a lead vehicle maneuvers into a turn lane and the following vehicle brakes as 

the lead vehicle slows.  As previously indicated, reducing conflict points reduces the number of 

crashes along corridors.  As part of this study, researchers conducted an evaluation of vehicle 

conflict points for the existing condition and the five proposed raised median conditions.     

 

The existing condition of 31st Street consists of a five-lane arterial with a TWLTL from Canyon 

Creek Drive to the Colonial Mall entrance.  Table 2-5 presents an estimate of the existing 

conflict points based on the type and number of intersections and driveways on 31st Street 

between Canyon Creek Drive and the Colonial Mall entrance.  The existing condition contains 

698 total conflict points.   

 

The proposed Option A condition consists of a raised median between Canyon Creek Drive and 

the Colonial Mall entrance with full median openings at the signalized intersections—Canyon 

Creek, Marlandwood, Azalea, and the Colonial Mall entrance.  Table 2-6 summarizes the 

estimated conflict points for the proposed condition.  The proposed condition reduces the 

number of potential conflicts from 698 to 257, a reduction of approximately 63 percent. 
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Table 2-5.  31st Street (FM 1741) Existing Condition Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 
Types along Study Corridor 

Conflict Points 
per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  37 13 5 481 
T-Intersections RM 

(Driveways)  0 2 5 0 
T-Intersections RMO 

(Driveways)  0 11 5 0 
RMO Only 0 6 5 0 

Directional RMO (Left 
in Only) 0 6 5 0 

Canyon Creek Drive 
Intersection 1 44 5 44 

Marlandwood 
Intersection 1 37 5 37 
Forest Trail 
Intersection 1 38 5 38 

Colonial Mall 
Entrance Intersection 1 52 5 52 

Total 698 
1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 
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Table 2-6.  31st Street (FM 1741) Proposed Condition Option A Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 
Types along Study Corridor 

Conflict Points 
per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  0 13 5 0 
T-Intersections RM 

(Driveways)  37 2 5 74 
T-Intersections RMO 

(Driveways)  0 11 5 0 
RMO Only 0 6 5 0 

Directional RMO (Left 
in Only) 0 6 5 0 

Canyon Creek Drive 
Intersection 1 44 5 44 

Marlandwood 
Intersection 1 37 5 37 
Forest Trail 
Intersection 1 4 5 4 

Azalea Intersection 1 46 5 46 
Colonial Mall 

Entrance Intersection 1 52 5 52 
Total 257 

1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 

The proposed Option B condition consists of a raised median between Canyon Creek Drive and 

the Colonial Mall entrance with full median openings at the signalized intersections and a 

directional left-in raised median opening at Market.  Table 2-7 summarizes the estimated conflict 

points for the proposed condition.  The proposed condition reduces the number of potential 

conflicts from 698 to 261, a reduction of approximately 63 percent.  

 

The proposed Option C condition consists of a raised median between Canyon Creek Drive and 

the Colonial Mall entrance with full median openings at the signalized intersections and the un-

signalized intersection with Forest Trail and a directional left-in raised median opening at 

Market. Table 2-8 summarizes the estimated conflict points for the proposed condition.  The 

proposed condition reduces the number of potential conflicts from 698 to 295, a reduction of 

approximately 57 percent.  
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Table 2-7.  31st (FM 1741) Street Proposed Condition Option B Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 
Types along Study Corridor 

Conflict Points 
per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  0 13 5 0 
T-Intersections RM 

(Driveways)  36 2 5 72 
T-Intersections RMO 

(Driveways)  0 11 5 0 
RMO Only 0 6 5 0 

Directional RMO (Left 
in Only) 
Market 1 6 5 6 

Canyon Creek Drive 
Intersection 1 44 5 44 

Marlandwood 
Intersection 1 37 5 37 
Forest Trail 
Intersection 1 4 5 4 

Azalea Intersection 1 46 5 46 
Colonial Mall 

Entrance Intersection 1 52 5 52 
Total 261 

1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 

The proposed Option D condition consists of a raised median between Canyon Creek Drive and 

the Colonial Mall entrance with full median openings at the signalized intersections and Forest 

Trail. Table 2-9 summarizes the estimated conflict points for the proposed condition.  The 

proposed condition reduces the number of potential conflicts from 698 to 291, a reduction of 

approximately 58 percent. 
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Table 2-8.  31st Street (FM 1741) Proposed Condition Option C Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 
Types along Study Corridor 

Conflict Points 
Per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  0 13 5 0 
T-Intersections RM 

(Driveways)  36 2 5 72 
T-Intersections RMO 

(Driveways)  0 11 5 0 
RMO Only 0 6 5 0 

Directional RMO (Left 
in Only) 
Market 1 6 5 6 

Canyon Creek Drive 
Intersection 1 44 5 44 

Marlandwood 
Intersection 1 37 5 37 
Forest Trail 
Intersection 1 38 5 38 

Azalea Intersection 1 46 5 46 
Colonial Mall 

Entrance Intersection 1 52 5 52 
Total 295 

1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 

The proposed Option E condition consists of a raised median between Canyon Creek Drive and 

the Colonial Mall entrance with full median openings at the signalized intersections and Forest 

Trail, a directional left-in raised median opening at Market, and a full median opening between 

Canyon Creek Drive and Marlandwood. Table 2-10 summarizes the estimated conflict points for 

the proposed condition.  The proposed condition reduces the number of potential conflicts from 

698 to 304, a reduction of approximately 56 percent.
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Table 2-9.  31st Street (FM 1741) Proposed Condition Option D Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 
Types along Study Corridor 

Conflict Points 
Per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  0 13 5 0 
T-Intersections RM 

(Driveways)  37 2 5 74 
T-Intersections RMO 

(Driveways)  0 11 5 0 
RMO Only 0 6 5 0 

Directional RMO (Left 
in Only) 
Market 0 6 5 0 

Canyon Creek Drive 
Intersection 1 44 5 44 

Marlandwood 
Intersection 1 37 5 37 
Forest Trail 
Intersection 1 38 5 38 

Azalea Intersection 1 46 5 46 
Colonial Mall 

Entrance Intersection 1 52 5 52 
Total 291 

1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 

The five different proposed condition options reduce conflict points relative to the existing 

condition from 56 to 63 percent.  The average conflict reduction is 59 percent, which is similar 

to the conflict point reduction found along the Texas Avenue corridor.   

 



 31

Table 2-10.  31st (FM 1741) Street Proposed Condition Option E Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 

Types along Study Corridor 

Conflict Points 
Per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  0 13 5 0 
T-Intersections RM 

(Driveways)  35 2 5 70 
T-Intersections RMO 

(Driveways)  1 11 5 11 
RMO Only 0 6 5 0 

Directional RMO (Left 
in Only) 
Market 1 6 5 6 

Canyon Creek Drive 
Intersection 1 44 5 44 

Marlandwood 
Intersection 1 37 5 37 
Forest Trail 
Intersection 1 38 5 38 

Azalea Intersection 1 46 5 46 
Colonial Mall 

Entrance Intersection 1 52 5 52 
Total 304 

1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 

Analysis Conditions 

 

After completing the conflict analysis, the research team used VISSIM to model the different 

alternatives introduced above.  The team modeled the existing condition, optimized existing 

condition, proposed raised median conditions with varying raised median opening options, and 

proposed future (higher volume) conditions.  The future conditions are based on a 2 percent 

increase in traffic volumes each year for 10 years, which equates to an approximate 20 percent 

increase.  The following sections describe the details of the different conditions.  Researchers 

used the VISSIM model to evaluate travel time and delay along the 31st Street corridor under 

each of the 13 conditions. 
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1. Existing Condition.  31st Street is a five-lane arterial roadway with a TWLTL as the center 

lane.  The corridor is 0.71 miles in length with a driveway density consisting of 23 driveways on 

the west side and 14 on the east side.  The driveway density remains the same throughout the 

proposed conditions below.  The approximate ADT for the existing condition is 13,300.  

Researchers compared the existing signal timing collected by video to the signal timing received 

from the City of Temple.  Figure 2-8 shows the approximate location of streets and driveways.  

 

2. Optimized Existing Condition.   The optimized condition remains the same as the existing, but 

signal timing and phasing at the four signalized intersections on the corridor were optimized 

using SYNCHRO. 

 

3. Proposed Condition with a Raised Median (Option A).  In the proposed conditions, a raised 

median replaces the TWLTL.  In Option A, full-median openings are located at the signalized 

intersections only, to allow U-turns.  The median opening spaces range from 1,000 to 1,600 feet, 

depending on the distance between the signalized intersections.  The signalized intersections 

include the intersections of 31st Street with Canyon Creek Drive, Marlandwood, Azalea, and the 

Colonial Mall entrance. 

 

4. Proposed Condition with a Raised Median (Option B).  Option B includes full median 

openings at signalized intersections and a left-in only directional median opening at Market to 

allow U-turns.  Market is a roadway that T-intersects with 31st Street. Median openings are 

spaced approximately 350 to 1,600 feet apart, depending on the opening.   

 

5. Proposed Condition with a Raised Median (Option C).  Option C includes full median 

openings at signalized intersections, the un-signalized intersection at Forest Trail, and a left-in 

only directional median opening at Market to allow U-turns.  Median opening spacings range 

from 350 to 1,400 feet. 
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Figure 2-8. Schematic to Illustrate Approximate Driveway, Street, 
and U-turn Locations for Operational Scenarios. 

Not to scale: See Figure 
2-5 for Scale
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6. Proposed Condition with a Raised Median (Option D).  Option D includes full median 

openings at signalized intersections and at Forest Trail to allow U-turns.  Median opening 

spacings range from 700 to 1,400 feet.  

 

7. Proposed Condition with a Raised Median (Option E).  Option E includes full median 

openings at signalized intersections, Forest Trail, and between Canyon Creek Drive and 

Marlandwood at the northern driveway of the Meadow Village Apartments.  Also, a left-in only 

directional median opening is located at Market.  These median openings allow for U-turns.  

Median opening spacings range from 350 to 850 feet. 

 

8. Proposed Future Condition with a Raised Median (Option A).  In the proposed future 

conditions, the driveway locations and density and roadway geometry do not change from the 

proposed conditions listed above.  For the future conditions, an approximate 20 percent increase 

in traffic volume was applied, representing a 2 percent increase in traffic volume over 10 years.  

The approximate ADT for the corridor in future conditions is 16,000.  As for the proposed 

condition, full median openings located at the signalized intersections allow U-turns. 

 

9. Proposed Future Condition with a Raised Median (Option B).   Future Option B is the same as 

proposed Option B with full median openings at signalized intersections and a left-in only 

directional median opening at Market allowing U-turns. 

 

10. Proposed Future Condition with a Raised Median (Option C).  Future Option C is the same 

as proposed Option C with full median openings at signalized intersections, the un-signalized 

intersection at Forest Trail, and a left-in only directional median opening at Market allowing U-

turns.   

 

11. Proposed Future Condition with a Raised Median (Option D).  Future Option D is the same 

as proposed Option D with full median openings at signalized intersections and Forest Trail to 

allow U-turns. 
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12. Proposed Future Condition with a Raised Median (Option E).  Future Option E is the same as 

proposed Option E with full median openings at signalized intersections, Forest Trail, and 

between Canyon Creek Drive and Marlandwood at the northern driveway of the Meadow Village 

Apartments.  Also, a left-in only directional median opening is located at Market.  These median 

openings allow U-turns.  

 

13. Future Condition with a TWLTL.  The future existing condition is the same as the existing 

condition with a TWLTL only with the 20 percent increase in vehicle traffic volume. 

 

Findings 

 

Researchers conducted analysis for travel time and delay along the 31st Street corridor, running 

three simulations for each scenario, similar to the Texas Avenue corridor study.  The research 

team collected travel time data along 31st Street, using travel time measurement bars in VISSIM, 

as for the Texas Avenue corridor.  In this case study, a beginning travel time measurement “bar” 

was placed at the first northbound intersection (Canyon Creek Drive), and an ending travel time 

measurement “bar” was placed at the next signalized intersection (Marlandwood).  This process 

continued for every signalized intersection, and then it was repeated in the southbound direction. 

Northbound travel time for the entire corridor was obtained by placing a beginning bar at the 

Canyon Creek Drive intersection and an ending bar at the Colonial Mall entrance intersection.  

Southbound travel time for the entire corridor was computed from a beginning bar at the 

Colonial Mall entrance intersection to an ending bar at Canyon Creek Drive.  Travel times for 

each smaller link were only used to test the simulation results against the floating-car field travel 

time runs.  The travel times for the entire distance of the corridor are presented in the analysis.  

Table 2-11 shows the travel time results for the northbound and southbound directions as well as 

the total weighted average travel time from Canyon Creek Drive to the Colonial Mall entrance 

intersection—a distance of 0.71 miles.  The travel time values were weighted by traffic volume 

in each direction.  Each scenario was run and analyzed three times using different random seeds, 

similar to that conducted in the Texas Avenue corridor.  The three runs then created the weighted 

average for travel time.   
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To verify the accuracy of VISSIM’s weighted average travel time analysis, the team conducted 

its own travel time floating-car runs along the corridor.  For 1 hour, researchers collected the 

floating-car travel time runs over the entire corridor length, consisting of five runs in each 

direction.  The research team used the same method to collect travel time in VISSIM as Texas 

Avenue.  The travel times analyzed in VISSIM were slightly shorter than the floating-car method 

used in the field.  The most congested portion of the corridor is located around the Colonial Mall 

entrance intersection.  This isolated location created a 58 percent increase in travel time going 

northbound for that segment.  There was a 42 percent increase in travel time going southbound 

for that segment.  Travel times are anticipated to be higher in this segment because of interrupted 

facilities and the proximity of the signalized intersection.  It is also possible that this difference 

was caused by the time elapsed (several months) between the travel time runs and the actual data 

collection.  Due to the nature of interrupted facilities and the limited number of floating cars 

through this section during the peak period, the research team did not alter this congested portion 

of the corridor.  It is possible such an adjustment could have also contributed error to the final 

results.  There was no difference between the floating-car travel time runs and VISSIM for the 

other segments. 

 

Table 2-11 shows northbound and southbound travel times and the weighted average of the 

travel time from Canyon Creek Drive to the Colonial Mall entrance, a distance of 0.71 miles.  

The weighted average travel time for the existing condition was 84.4 seconds.  After optimizing 

the signal timing, travel time decreased by 2.8 seconds.  Option C had the shortest weighted 

average travel time in the proposed scenario (63.7 seconds), while Option E had the shortest in 

the proposed future scenario (88.4 seconds).  Generally, overall travel times for proposed future 

scenarios reflecting an approximate 20 percent increase in traffic did not dramatically increase 

from proposed scenarios since most turning movements along the corridor already occur at 

signalized intersections, and future conditions did not increase U-turning vehicles to a large 

degree.  The 31st Street corridor was also relatively uncongested and there were fewer driveway 

movements.  Therefore, the few driveway movements that did occur did not substantially 

increase the travel time in the proposed future scenarios where left-turning traffic is rerouted to 

median opening locations.  
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Table 2-11.  31st Street (FM 1741) Travel Time Analysis Findings. 

Scenario 

Northbound 
Travel Time 

(seconds) 

Southbound 
Travel Time 

(seconds) 

Weighted 
Average Travel 
Time (seconds) 

1. Existing (TWLTL) 94.1 79.2 84.4 
2. Optimized Existing (TWLTL) 85.7 79.2 81.6 
3. Proposed RM (Option A) 95.0 95.0 95.0 
4. Proposed RM (Option B) 114.8 96.7 102.7 
5. Proposed RM (Option C) 81.6 84.8 83.7 
6. Proposed RM (Option D) 79.5 85.6 83.4 
7. Proposed RM (Option E) 93.7 90.3 91.6 
8. Proposed Future RM (Option A) 99.5 104.6 102.7 
9. Proposed Future RM (Option B) 118.9 104.6 110.0 
10. Proposed Future RM (Option C) 112.1 82.4 93.4 
11. Proposed Future RM (Option D) 95.2 103.2 100.3 
12. Proposed Future RM (Option E) 96.3 82.5 88.4 
13. Future Condition (TWLTL) 104.9 74.8 85.5 
Note:  Travel times are reported for all vehicles that travel in a given direction through the entire corridor. 
 
 
When comparing the proposed conditions to the proposed future conditions, travel time 

increased by a few seconds for most of the conditions.  For example, the optimized existing 

condition has a weighted average of 81.6 seconds while the future condition has a weighted 

average of 85.5 seconds, an increase of 3.9 seconds.  Option D, however, increased 16.9 seconds 

in the future condition.  This may result from not having a median opening at Market, a large 

left-turning driveway volume, causing an increased volume of vehicles to make U-turns at the 

Colonial Mall entrance.  Increasing the traffic volume by 20 percent for the future conditions 

impacts the weighted average travel times.  Option E travel time actually decreases 3.2 seconds 

in the future condition.  Although this decrease is very small, it may be attributed to having 

seven median openings and the resulting ability to handle the higher traffic volumes.  Finally, it 

should be noted that travel time in the future condition with a TWLTL was 2.9 seconds (3 

percent) shorter than proposed future Option E and 24.5 seconds (29 percent) shorter than 

Option B.  This increase in time can be attributed to cars weaving across traffic to reach the turn 

bay in order to make a U-turn. 

 

Average delay from the three runs along the 31St Street corridor was collected in VISSIM using 

node evaluations as discussed in the Texas Avenue analysis.  Nodes were drawn in the same 
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manner as in the Texas Avenue case study.  Average delay was analyzed for the existing, 

optimized, and proposed (current and future) conditions.  Nodes were placed at Canyon Creek 

Drive, Marlandwood, Azalea, and the Colonial Mall entrance.  Delay nodes include delay along 

the corridor and inbound legs of the cross-street signalized intersections along 31st Street.  The 

total delay along the corridor also includes delay from the signalized cross streets, which may 

alter the total.  Like weighted average travel times, there was no significant change in average 

delay between the existing, optimized, and proposed (current and future) conditions, as shown in 

Table 2-12.  The greatest change in delay time occurred between the optimized existing TWLTL 

of 10.0 seconds per vehicle and the proposed future Option B at 19.1 seconds per vehicle—a 9.1-

second per vehicle increase.  Option C had the shortest average delay time in both the proposed 

and proposed future conditions.  This is because Option C contains median openings at locations 

with high left-turning volumes, reducing the number of U-turns at intersection median openings. 

 The distribution of U-turning movements to different locations along the corridor reduces the 

number of U-turns at one location and decreases overall delay. 

 

Table 2-12.  31st Street (FM 1741) Average Delay Analysis Findings. 

Scenario 
Average Delay 

(seconds per vehicle) 
1. Existing (TWLTL) 15.8 
2. Optimized Existing (TWLTL) 10.0 
3. Proposed RM (Option A) 13.5 
4. Proposed RM (Option B) 15.7 
5. Proposed RM (Option C) 10.2 
6. Proposed RM (Option D) 11.5 
7. Proposed RM (Option E) 11.6 
8. Proposed Future RM (Option A) 15.5 
9. Proposed Future RM (Option B) 19.1 
10. Proposed Future RM (Option C) 13.1 
11. Proposed Future RM (Option D) 15.3 
12. Proposed Future RM (Option E) 13.3 
13. Future Condition (TWLTL) 13.4 
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2.5.3 Discussion and Conclusions 

 

Analyses of the 31st Street corridor in Temple provided information about conflict points, travel 

time, and delay along the corridor that is very important when examining median alternatives.  

Due to the relatively uncongested nature of the corridor, any differences found were very small 

between micro-simulation estimates of travel time and delay of TWLTL alternatives and raised 

median alternatives. 

 

The existing corridor with a TWLTL contains 698 potential conflict points.  This number is 

greatly reduced with the addition of a raised median.  When comparing the existing condition 

with Option E, the option with the most median openings, the number of conflict points 

decreases to 304—a reduction of approximately 56 percent.  The other proposed conditions 

reduce the number of conflict points even further.  This great reduction in the number of conflict 

points would likely improve safety along the corridor—particularly as traffic volumes increase 

and congestion begins to occur. 

 

As it was analyzed in this case study, the 31st Street corridor was relatively uncongested for the 

VISSIM.  The travel time analysis for this case study indicates only a 28.4-second difference 

when comparing the optimized existing condition, the shortest travel time, with proposed future 

Option B, the longest travel time. Further, this corridor does not have a large number of 

driveway turning movements.  Most turning movements occur at intersections not affected by 

the installation of the raised median.  Compared to the existing condition, travel times in the 

proposed future conditions increase very slightly, all of which can be attributed to the 20 percent 

increase in traffic volumes. 

 

As with the travel time analysis, the delay analysis also reveals only a small change in delay of 

9.1 seconds per vehicle at the most.  The analysis indicates that optimizing the existing signal 

timing can decrease the average delay by 37 percent.  

 

Clearly, the 31st Street corridor is not too congested.  The estimated ADT along the corridor is 

approximately 13,300.  The future conditions have an ADT of approximately 16,000.  The 
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analysis predicts only small changes between the current and future traffic volumes.  Researchers 

anticipate that as congestion grows along the corridor, travel time and delay differences might 

become larger as vehicles travel around the raised median to make U-turns.  However, from a 

safety perspective, the conflict point analysis clearly shows that the reduction in opportunities 

for conflict with the raised median treatment would likely offset additional circuitous travel 

caused by the raised median. 

 

2.6 BROADWAY AVENUE (US 69) (TYLER) CASE STUDY LOCATION 

 

2.6.1 General Description 

 

The third case study corridor is along Broadway Avenue (US 69) between Loop 323 and 

Chimney Rock Drive in Tyler, Texas.  This road currently has three through lanes in each 

direction, a TWLTL, and a signal density of 4.1 signals per mile.  Adjacent land uses include 

residential, office, commercial, and retail; however, there are no single-family residential 

driveways intersecting Broadway Avenue.  The study site is shown between the arrows in 

Figure 2-9.  Figures 2-10 and 2-11 show the three lanes in each direction and the TWLTL along 

with the mix of land uses along the corridor. 

 

2.6.2  Traffic Operations Analysis 

 

The third study corridor for traffic operations analysis is a 1.47-mile section on Broadway 

Avenue from Grande Boulevard to Loop 323.  In a similar manner as the previous two study 

corridors, the existing condition, optimized existing condition, two different proposed median 

opening options, and future proposed traffic volumes were investigated.  The subsequent 

sections describe the data collection, traffic demand, analysis procedures, and findings.  
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Figure 2-9.  Broadway Avenue Study Site in Tyler, Texas, Used for 
Operational Analysis (Map Provided by MapQuest.com, Inc.). 

Figure 2-10.  Broadway Avenue Facing North to Chimney Rock 
 Signalized Intersection. 
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Data Collection 

 

The research team collected traffic volume data on Broadway Avenue from Grande Boulevard to 

Loop 323 using videotapes from a 1999 project.  The videotapes included all turning and through 

movements at every street and driveway intersection from 12:00 p.m. to 1:00 p.m. (noon peak 

period) and from 5:00 p.m. to 6:00 p.m. (evening peak period).  To assist in the analysis, 

researchers organized the data into turning movement counts at each driveway and through and 

turning movement counts at each signalized and un-signalized intersection.  Corridor geometrics 

were recently collected.  

 

Traffic Demand 

 

The traffic volume data revealed that the evening peak hour (5:00 p.m. to 6:00 p.m.) was the 

daily peak hour; therefore, this time period was used for the subsequent analysis.  

 

Figure 2-11.  Broadway Avenue Facing South at Chimney Rock  
Signalized Intersection. 
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For the proposed raised median conditions, existing traffic volumes were rerouted to alternative 

routes to reach their ultimate destination.  For example, a left-turning motorist entering the 

corridor from a driveway or side street that was prohibited by the installation of the raised 

median would turn right and then make a U-turn at the first median opening.  In some instances, 

where corner lots consisted of large left-turning volumes, traffic was rerouted to the side street, 

allowing vehicles to make a left turn at the signal instead of a U-turn at the first median opening 

in the direction opposite of desired travel.  Like the Temple case study, signalized intersections 

with a left-turning volume of roughly 250 or greater received a second turn lane.  Due to high 

southbound left-turning volumes at the Rieck Road signalized intersection, a dual turn-lane was 

installed, allowing two lanes for left turns and U-turns from the inside lane.  

 

The ADT was also estimated for Broadway Avenue using the same method as for 31st Street, by 

dividing the DDHV for each direction by an assumed K-factor (peak-hour proportion of daily 

traffic) of 0.135 and D-factor (directional distribution) (4).  The D-factor for northbound traffic 

was 0.46, while for southbound traffic it was 0.54.  The directional ADT was averaged to get the 

total ADT for the corridor.  ADT for the current condition was approximately 24,000.  The 

future condition contained a relatively higher ADT of approximately 29,400.  When the 

videotaped data were collected in 1999, there was no signal at the Chimney Rock intersection.  

However, when the research team returned to the corridor to collect roadway geometrics such as 

lane widths and distance between driveways, a signal had been installed at Chimney Rock.  For 

analysis proposes, the signal was omitted from the existing condition and the optimized existing 

condition.  The signal was included for the proposed, future existing, and proposed future 

conditions. 

 

Further, in 1999 and currently, Broadway Avenue northbound at Loop 323 has only two through 

lanes.  Initial VISSIM runs showed bottlenecking at this intersection as vehicles merged into two 

lanes from three lanes.  The resulting congestion backed up the rest of the corridor.  For analysis 

purposes, researchers extended the third lane through the intersection for all scenarios, allowing 

traffic to run more smoothly and the analysis to focus on the raised median treatments.  
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Vehicle Conflict Points 

 

A conflict point analysis was performed in a similar manner as the previous case studies.  

Researchers conducted an evaluation of vehicle conflict points for the existing condition 

compared to the two proposed raised median conditions.     

 

The existing condition on Broadway Avenue consists of a seven-lane arterial with a TWLTL 

from Grande Boulevard to Loop 323.  Table 2-13 presents an estimate of the existing conflict 

points based on the type and number of intersections and driveways on Broadway Avenue 

between Grande Boulevard and Loop 323.  The existing condition contains 974 total conflict 

points.   

 
Table 2-13.  Broadway Avenue (US 69) Existing Condition Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 
Types along Study Corridor 

Conflict Points 
Per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways) 56 13 7 728 
T-Intersections RM 

(Driveways) 0 2 7 0 
T-Intersections RMO 

(Driveways) 0 11 7 0 
RMO Only 0 6 7 0 

Directional RMO (Left 
in Only) 0 6 7 0 

Grande Blvd 
Intersection 1 46 7 46 

Chimney Rock 
Intersection 1 46 7 46 

Rieck Intersection 1 46 7 46 
Rice/Shiloh 
Intersection 1 62 7 62 

Independence 
Intersection 1 46 7 46 

Loop 323 Intersection 1 116 7 116 
Total 974 

1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note:  Some rows were kept at zero for consistency and comparison across similar tables. 
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The proposed Option A condition consists of a raised median between Grande Boulevard and 

Loop 323 with full median openings at the signalized intersections—Grande Boulevard, 

Chimney Rock, Rieck, Rice/Shiloh, Independence, and Loop 323.  Table 2-14 summarizes the 

estimated number of conflict points for the proposed Option A condition.  The proposed 

condition reduces the number of potential conflicts from 974 to 358, a reduction of 

approximately 63 percent.  The substantial decrease in the number of conflict points can be seen 

by comparing the first two rows of data in Table 2-13 with those in Table 2-14.  The 

predominant change in the total number of conflict points is a result of eliminating the numerous 

conflict points at the TWLTL driveways and replacing those with the raised median.   

 

Table 2-14.  Broadway Avenue (US 69) Proposed Condition Option A Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 
Types along Study Corridor 

Conflict Points 
Per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways) 0 13 7 0 
T-Intersections RM 

(Driveways) 56 2 7 112 
T-Intersections RMO 

(Driveways) 0 11 7 0 
RMO Only 0 6 7 0 

Directional RMO (Left 
in Only) 0 6 7 0 

Grande Boulevard 
Intersection 1 46 7 46 

Chimney Rock 
Intersection 1 46 7 46 

Rieck Intersection 1 46 7 46 
Rice/Shiloh 
Intersection 1 62 7 62 

Independence 
Intersection 1 46 7 46 

Loop 323 Intersection 1 116 7 116 
Total 358 

1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note:  Some rows were kept at zero for consistency and comparison across similar tables. 



 46

The proposed Option B condition consists of a raised median between Grande Boulevard and 

Loop 323 with full median openings at signalized intersections and at three mid-block locations. 

 The first mid-block opening is located between Chimney Rock and Rieck; the second between 

Rieck and Rice/Shiloh at Mobile, a T-intersection;  and the third between Independence and 

Loop 323 at the Broadway Square Mall main entrance.  Table 2-15 summarizes the estimated 

number of conflict points for the proposed Option B condition.  The proposed condition reduces 

the number of potential conflicts from 974 to 385, a reduction of approximately 60 percent.  

 

Table 2-15.  Broadway Avenue (US 69) Proposed Condition Option B Conflict Points. 

Roadway Section 
Type1 

Number of Intersection2 
Types along Study Corridor 

Conflict Points 
Per 

Intersection 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  0 13 7 0 
T-Intersections RM 

(Driveways)  53 2 7 106 
T-Intersections RMO 

(Driveways)  3 11 7 33 
RMO Only 0 6 7 0 

Directional RMO (Left 
in Only) 0 6 7 0 

Grande Boulevard 
Intersection 1 46 7 46 

Chimney Rock 
Intersection 1 46 7 46 

Rieck Intersection 1 46 7 46 
Rice/Shiloh 
Intersection 1 62 7 62 

Independence 
Intersection 1 46 7 46 

Loop 323 Intersection 1 116 7 116 
Total 385 

1TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. 
2Intersections include both public streets and private driveways. 
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note:  Some rows were kept at zero for consistency and comparison across similar tables. 
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Analysis Procedure 

 

The research team again used VISSIM to model several conditions.  The team modeled the 

existing condition, optimized existing condition, proposed raised median conditions with 

different raised median opening options, and proposed future conditions with an increased 

volume.  The future conditions are based on an approximate 2 percent increase in traffic volumes 

each year for 10 years.  This equated to an estimated “future” volume of approximately 29,300.  

A future volume of 48,000 was also investigated in the study.  The following sections describe 

the 10 conditions.  VISSIM also evaluated the travel time and delay along the Broadway Avenue 

corridor under each of the seven conditions. 

 

1. Existing Condition.  Broadway Avenue is a seven-lane arterial roadway with a TWLTL as the 

center lane.  The corridor is 1.47 miles in length with a driveway density consisting of 32 

driveways on the west side and 24 on the east side.  The driveway density remains the same 

throughout the proposed conditions where the raised median is added and when traffic volumes 

are increased.  The existing signal timings were collected from the City of Tyler.  Figure 2-12 

shows the approximate location of streets and driveways.  

 

2. Optimized Existing Condition.   The optimized condition is the same as the existing condition, 

but the signal timing at the two signalized intersections on the corridor was optimized using 

SYNCHRO. 

 

3. Proposed Condition with a Raised Median (Option A).  In each of the proposed conditions 

(Option A and Option B), a raised median replaces the TWLTL.  In Option A, full-median 

openings are located at the signalized intersections only to facilitate U-turns.  The signalized 

intersections include Grande Boulevard, Chimney Rock (not included in existing condition), 

Rieck, Shiloh/Rice, Independence, and Loop 323.
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Not to scale: See Figure 2-9 
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Figure 2-12. Schematic to Illustrate Approximate Driveway, Street, 
and U-turn Locations for Operational Scenarios. 
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4. Proposed Condition with a Raised Median (Option B).  In Option B, full median openings are 

located at the signalized intersections and three median openings are located at mid-block 

locations.  The first mid-block opening is located at the Broadway Square Mall main entrance, 

which is also the south driveway for the French Quarter Shopping Center between Loop 323 and 

Independence.  The second mid-block median opening is located at Mobile between Rice/Shiloh 

and Rieck Road, and the third is located at the driveway for Outback Steakhouse between Rieck 

Road and Chimney Rock.   

 

5. Proposed Future Condition with a Raised Median (Option A).  In the proposed future 

conditions the roadway geometry, driveway locations, and intersection locations do not change 

from the proposed conditions.  For the future conditions, traffic volumes are increased by 20 

percent, representing an approximate 2 percent per year increase over 10 years.  The future 

Option A condition is similar to the proposed condition; full median openings are located at 

signalized intersections to allow U-turns. 

 

6. Proposed Future Condition with a Raised Median (Option B).   The future Option B condition 

is similar to the proposed Option B with full median openings at signalized intersections and also 

includes the 20 percent increase in traffic volume.  

 

7. Future Condition with a TWLTL.  This condition has the same roadway geometry as the 

existing condition with a 20 percent increase in vehicle traffic volume. 

 

8. The same as option #5 but at approximately 48,000 ADT. 

 

9. The same as option #6 but at approximately 48,000 ADT. 

 

10. The same as option #7 but at approximately 48,000 ADT. 
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Findings 

 

Researchers conducted analyses for travel time and delay for the existing and proposed 

conditions along the corridor.  Three simulations were run for each scenario, similar to the 

previous two case studies.  To verify the accuracy of the simulated travel time findings, the team 

conducted its own travel time runs along the corridor, collecting 1 hour of floating-car travel 

time estimates between the signalized intersections along the corridor as well as the travel time 

along the entire length of the corridor.  One hour provided adequate time for six runs in each 

direction.  The travel time in the field was more than a minute longer than the existing condition 

travel time in VISSIM.  However, the field travel time was within 5 percent of the simulation 

travel time along the corridor after the signal timing and phasing were optimized.  Installing the 

signal at Chimney Rock after the initial data was collected most likely involved optimizing the 

signals in the field; therefore, researchers made no calibration adjustments to the VISSIM model. 

 

The research team used travel time measurement “bars” in VISSIM in the same manner as the 

Temple case study.  A beginning travel time measurement bar was placed at the first northbound 

intersection (Grande Boulevard), and an ending travel time measurement bar was placed at the 

next signalized intersection (Rieck).  This process continued for every signalized intersection and 

was then repeated in the southbound direction.  For vehicles traversing the entire corridor in the 

northbound direction, researchers placed a beginning bar at Grande Boulevard and an ending bar 

at Loop 323.  Travel times for vehicles traversing the entire corridor in the southbound direction 

were computed from a beginning bar at Loop 323 to an ending bar at Grande Boulevard.  The 

travel times for each intersection segment were only used to compare simulation results with the 

floating-car field travel time runs.  The analysis used the travel times for the entire distance of 

the corridor.  Table 2-16 shows the travel time results for the northbound and southbound 

directions as well as the total weighted average travel time from Grande Boulevard to Loop 

323—a distance of 1.47 miles.  The travel time values were weighted by traffic volume in each 

direction. 
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Table 2-16.  Broadway Avenue (US 69) Travel Time Analysis Findings. 

Scenario 

Northbound 
Travel Time 

(seconds) 

Southbound 
Travel Time 

(seconds) 

Weighted 
Average Travel 
Time (seconds) 

1. Existing (TWLTL) 266.2 264.7 263.6 
2. Optimized Existing (TWLTL) 190.4 164.0 176.2 
3. Proposed RM (Option A) 223.5 157.2 188.3 
4. Proposed RM (Option B) 207.9 162.3 182.5 
5. Proposed Future RM (Option A)1 239.8 233.6 236.7 
6. Proposed Future RM (Option B)1 216.6 242.2 230.6 
7. Future Condition (TWLTL)1 229.9 222.1 225.6 
8. Proposed Future RM (Option A)2 381.7 662.1 515.1 
9. Proposed Future RM (Option B)2 434.5 591.6 509.0 
10. Future Condition (TWLTL)2 222.2 403.4 325.1 
1Future traffic volume at existing plus 20 percent. 
2Future traffic volume at approximately 48,000 ADT. 

 

Operating the traffic signals reduces the travel time from 263.6 seconds (existing condition with 

the TWLTL) to 176.2 seconds (optimized existing condition), a difference of 87.4 seconds (32 

percent reduction).  This analysis demonstrates that traffic flow along this corridor would be 

greatly improved by simply optimizing the signals as done when the Chimney Rock signal was 

installed.  The proposed raised median Option B has the shortest weighted average travel time in 

both the current and future proposed conditions.  Travel times for Option B are shorter than 

those for Option A because there are more opportunities to make U-turns in Option B.  More U-

turn locations means motorists travel a shorter distance to a U-turn location; therefore, the travel 

time of vehicles traversing the corridor is not influenced as greatly by U-turning vehicles.  The 

proposed future condition with a TWLTL had a longer travel time compared to the optimized 

existing and proposed conditions because of the 20 percent increase in vehicles.  It is also 

interesting to note that the future condition (TWLTL) travel time is slightly shorter than those of 

Option A with a raised median (11.1 seconds) and Option B with a raised median (5.0 seconds).  

At approximately 48,000 ADT, the differences between the TWLTL and raised median are more 

substantial.  The raised median (Option B) has an increased travel time of 184 seconds (57 

percent) over the TWLTL.  These results are due to the small increase in circuitous travel the 

raised median creates. 
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Average delay was also analyzed using VISSIM for the existing, optimized existing, and 

proposed current and future conditions (see Table 2-17).  Delay was measured using node 

evaluations in the same manner as Texas Avenue.  Nodes were drawn around the signalized 

intersections of Grande Boulevard, Rieck, Shiloh/Rice, Independence, and Loop 323.  Unlike the 

earlier travel time estimates, delay also includes the cross streets.  A long delay or no delay on 

the cross street may affect the overall average delay.  The average delay after optimizing the 

existing condition drops by 44 percent.  Further, both Option A and Option B proposed 

conditions show a small decrease in delay compared to the optimized existing condition.  At an 

ADT of approximately 48,000, Option B has a slightly higher delay time than the future 

condition with a TWLTL (approximately 18 seconds per vehicle).  These results are relatively 

similar to the travel time results. 

 

Table 2-17.  Broadway Avenue (US 69) Average Delay Analysis Findings. 

Scenario 
Average Delay 

(seconds per vehicle) 
1. Existing (TWLTL) 31.5 
2. Optimized Existing (TWLTL) 17.7 
3. Proposed RM (Option A) 17.6 
4. Proposed RM (Option B) 16.1 
5. Proposed Future RM (Option A)1 28.7 
6. Proposed Future RM (Option B)1 24.3 
7. Future Condition (TWLTL)1 25.0 
8. Proposed Future RM (Option A)2 84.7 
9. Proposed Future RM (Option B)2 81.7 
10. Future Condition (TWLTL)2 63.8 
1Future traffic volume at existing plus 20 percent. 
2Future traffic volume at approximately 48,000 ADT. 
 

2.6.3 Discussion and Conclusions 

 

The analyses of the Broadway Avenue corridor in Tyler produced information related to conflict 

points, travel time, and delay.  For this corridor, small differences were found between the 

TWLTL and the raised median. 
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The existing corridor with a TWLTL contains 974 conflict points.  Addition of a median greatly 

reduces the number of conflict points.  When comparing the number of conflict points in the 

exiting condition to that in Option B, the option with the most conflict points, the number of 

conflict points drops to 385—a 60 percent reduction.  This large reduction in the number of 

conflict points can reduce the potential number of crashes along a corridor such as this.  

 

Travel time analysis in this case study showed that simply optimizing the signal timing can make 

a great difference and can provide great benefit for small cost.  The optimized existing condition 

had a weighted average travel time of 176.2 seconds, compared to 263.6 seconds for the existing 

condition (33 percent reduction).  In both the proposed existing and future conditions, travel 

times with the raised median installation options were slightly longer than those with the 

TWLTL.  These differences in travel time equated to an increase of, at most, 6 mph for the raised 

median at approximately 48,000 ADT.  This small difference is likely due to the added turning 

volumes at median openings, which can disrupt traffic by creating a circuitous flow. 

   

The delay analysis, like travel time, also showed that simply optimizing the signal timing 

reduces the delay by 44 percent (13.8 seconds per vehicle).  Delays for Option B in both the 

proposed and future conditions were slightly shorter than those of Option A.  Option B had an 

even shorter delay for the optimized existing condition with a TWLTL and the future condition 

(volume increased 20 percent over existing) with a TWLTL.  The delays are shorter because the 

raised median properly stores and routes vehicles.  At 48,000 ADT, the differences between the 

raised median and TWLTL alternatives are more substantial. 

 

There are several key conclusions that can be drawn from this case study:  

• Corridor operations can benefit from signal timing optimization. 

• The reduction of approximately 60 percent in the number of conflict points with the raised 

median compared to the TWLTL indicates a safety advantage. 

• The raised median may cause vehicles to travel a slightly more circuitous route, as indicated 

by the slightly longer travel times with the raised median compared to the TWLTL, 
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particularly in the future conditions.  The increase in travel time equated to an increase in 

speed of, at most, 6 mph.   

 

This case study analysis suggests that raised median treatments provide a safer environment by 

reducing the number of conflict points even though there might be small increases in the total 

travel time and delay of vehicles traversing the corridor.   

 

2.7 SUMMARY AND DISCUSSION OF CASE STUDY RESULTS 

 

VISSIM Experiences 

 

The VISSIM model has a steep learning curve.  There are many details to learn when 

considering what and how to input data into the model.  There are often numerous runs and 

repeated visual inspections to ensure the corridor is running correctly.  Appendix A contains a 

list of generalized steps for using the VISSIM model.  Even in the first step, the researchers 

identified valuable experiences.  The first step is to import an aerial photograph into VISSIM as 

a background and as a tool for scaling the corridor.  However, once the scale was set, researchers 

learned  to remove the background because it slowed the program.  With the background it 

became almost impossible to make changes or move the view without the program locking up 

(as per Appendix A).   

 

VISSIM allows adjustment of corridor characteristics such as driveway spacing, number of 

lanes, speed limits, and right-turn-on-red.  Signal timing and phases can also be input into 

VISSIM, although VISSIM cannot perform signal optimization.  This must be done using a 

signal optimization program such as SYNCHRO, which was used in this project. The optimized 

timing and phases from SYNCHRO are then entered into VISSIM.  This process can be time 

consuming when there are multiple scenarios with more than one signal.  Entering all the data 

into the model is the most time-consuming portion of the process. 

 

VISSIM has outstanding output abilities that allow the user to analyze many aspects of the 

corridor.  For this study, the researchers analyzed travel time and delay.  VISSIM allows the user 
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to choose the duration and location for the analysis.  Researchers selected an hour as the peak 

time for analysis.  This time limit also facilitated the analysis by narrowing the results to those 

that will be most useful.  

  

Operational Results 

 

Table 2-18 illustrates the characteristics and results for each of the three study corridors.  It 

provides a comparison among the different geometric characteristics, conflict point reductions, 

and changes in travel time and speed along the corridor.  The percent reduction in conflict points 

is calculated from the difference in the number of conflict points on corridors after replacing a 

TWTLT with a raised median.   

 

While the three corridors show nearly the same percent reduction in conflict points, the percent 

difference in travel time varies for each corridor.  This difference is between a TWLTL and the 

raised median in the future traffic volume conditions.  Existing condition traffic volumes were 

increased 20 percent to obtain the future traffic volumes.  This equates to approximately 2 

percent per year for 10 years.  A negative travel time value in Table 2-18 indicates that the raised 

median had a shorter travel time for vehicles traversing the corridor.  On the Texas Avenue 

corridor (ADT ~21,800), travel time decreased 11 percent with the raised median compared to 

the TWLTL.  For Texas Avenue at an ADT of approximately 48,000, travel time decreased 38 

percent with the raised median installation.  The speed increased by 2 mph at the ADT of 

approximately 21,800, and it increased by 7 mph at an ADT of approximately 48,000. 
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Table 2-18.  Characteristics and Results of Case Study Corridors. 
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21,800 -11 2 (increase) Texas 
Avenue 

Bryan,  Texas 0.66 3.0 / 91 690 to 1,320 2 Retail, 
University 

-60 18,200 
48,000 -38 7 (increase 

31st Street Temple, Texas 0.71 5.6 / 66 350 to 850 2 Retail, Some 
Residential 

-56 13,300 16,000 3 1 (decrease) 

29,300 2 <1 (decrease) Broadway 
Avenue 

Tyler, Texas 1.47 4.1 / 46 500 to 1,500 3 Commercial, 
Retail 

-60 24,400 
48,000 57 6 (decrease) 

1Access point density includes both directions and includes driveways, streets, and signalized intersections. 
2Median opening spacing is the range for the raised median alternative with the most openings.  Five alternatives were investigated along 31st Street and two 
alternatives along Broadway. 

3The Texas Avenue and 31st Street corridors were not widened in the micro-simulation because VISSIM allows vehicles to perform U-turns with two lanes, and 
this study was intended to investigate the differences between the TWLTL and the raised median.  From a practical perspective, flared intersections and slightly 
widened mid-block location(s) would facilitate the U-turns. 

4The percent difference values are from the conversion from a TWLTL to a raised median.  Negative values imply a decrease when converting to the raised 
median.  These differences are based upon the weighted average of three micro-simulation runs. 

5Estimated from road tubes or videotapes.  The ADTs are estimated by assuming a K and D factor to apply to the observed peak-hour volume. 
6The lower ADT value is a 20 percent increase over existing conditions.  This represents an approximately 2 percent increase per year over 10 years.  The higher 
ADT value was run to estimate higher-volume conditions.  The ADTs are estimated by assuming a K and D factor to apply to the observed peak-hour volume. 
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The travel time along 31st Street in Temple increased 3 percent (approximately 1 mph decrease at 

the only ADT level of 16,000 that was investigated).  Along Broadway Avenue in Tyler, the 

travel time increased 2 percent (<1 mph decrease) when the raised median was installed at the 

lower ADT level (29,300).  At the higher ADT level of 48,000, there was a 57 percent increase 

in travel time with the raised median.  This equates to a 6 mph decrease in speed.  It should be 

noted that generally the more circuitous travel and increased U-turn traffic can cause the raised 

median treatment to have slightly longer travel times.  However, it is hypothesized that these 

increases in travel time, and subsequent delay, are offset by the reduction in the number of 

conflict points and increased safety.  Though not tested, it is also hypothesized that further 

analysis could have determined that an additional median opening(s) could reduce the percent 

differences between the TWLTL and raised median even further. 

 

The analysis results for the three case study corridors revealed small differences in travel time 

and delay between the existing (TWLTL) and proposed (raised median) conditions.  The 

proposed future conditions (approximately a 20 percent increase in traffic) resulted in a small 

percent increase in the overall travel time and delay.  The percentage difference in travel time, 

speed, and delay varied for each corridor.  Travel time on the Texas Avenue (Bryan, Texas) 

corridor decreased 11 to 38 percent with the raised median compared to the TWLTL in the future 

condition.  Travel time on the 31st Street (Temple, Texas) corridor increased 3 percent with a 

raised median compared to a TWLTL in the future condition, and on Broadway Avenue (Tyler, 

Texas) travel time increased 2 to 57 percent with the raised median treatment compared to a 

TWLTL in the future.  This resulted in a maximum of a 6 mph decrease in speed due to the 

raised median installation (Tyler) and as much as a 7 mph increase in speed with the raised 

median (Bryan). 

 

The reduction in travel time on Texas Avenue from the future TWLTL to the future raised 

median treatment might be attributed to prohibiting U-turns at a high-volume signalized 

intersection.  This forces vehicles to make U-turns at locations farther along the corridor, at 

uncongested locations.  In effect, this takes less time than waiting for turning traffic in the more 

congested portions of the corridor.  This also allows for more through-movement green time, 

which can be reduced on corridors with high left-turn and U-turn movements.  The increased 
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travel times from the future TWLTL to the future installation of raised medians in Temple and 

Tyler are likely due to overall increases in traffic on the corridor, as some U-turning vehicles 

must travel farther to reach their destination.  Increased travel time is also caused by U-turning 

vehicles that must weave across lanes to reach turn bays, which can cause traffic queues.  The U-

turning vehicles are also adding additional traffic on the roadways in the opposite direction of 

their origin.  The additional vehicle-miles of travel (VMT) likely causes travel time and delay to 

increase.  Delay may also increase slightly at the signalized intersections.  As noted previously, 

the percent difference in travel time along the Temple corridor was only about 3 percent when 

comparing the raised median alternative with the most median openings—the alternative most 

effectively handling the corridor turning movements.  It is hypothesized that increasing the 

number of median opening locations along any of the corridors could have increased speeds with 

the raised median alternative. 

 

Future Research 

 

The following items need to be researched further: 

• the relationship between safety and time changes with increasing congestion levels and 

changing driveway density;   

• the relationship between the length of the corridor and its effects on travel time and delay, as 

this project addressed relatively short corridors; and 

• using an origin-destination (O-D) matrix to map vehicle turning movements.   

 

2.8 THEORETICAL CORRIDORS 

 

While the actual case study locations presented here are valuable in assessing the impacts of 

access management treatments, additional theoretical scenarios were also simulated.  These 

additional scenarios will be useful to TxDOT staff members for alternatives analysis.  

Researchers met with TxDOT in the first year of this project to identify the most useful scenarios 

for their typical needs.  Three theoretical corridors incorporating access management treatments 
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such as raised median installation and driveway consolidation were investigated for different 

traffic volumes as a result of that meeting. 

 

2.8.1 General Description 

 

The three theoretical corridors range from Scenario 1 with a TWLTL and very few driveways to 

Scenario 3 with a raised median and several driveways.   The three scenarios were analyzed 

using differing ADTs, varying numbers of lanes and driveways, and differing median treatments. 

 All three scenarios have a signal density of 2.0 signals per mile.     

 

2.8.2 Traffic Operations Analysis 

 

The research team performed a traffic operations analysis on each theoretical corridor similar to 

the previous three case studies.   Each theoretical corridor is 1 mile long.  The following sections 

describe the data configuration, analysis procedures, and findings.   

 

Data Configuration 

 

The design of a theoretical corridor began with identifying typical land uses for the 1-mile 

corridor.  The goal of the researchers was to design a realistic representation of a typical 

corridor.  Some of the land uses included a drive-in bank, pharmacy/drugstore, fast-food with 

drive-through, and gas station.  In Scenario 1, 18 driveways represented 18 parcels with varying 

land use types; some were used more than once.  In Scenario 2, 42 driveways represented 42 

parcels with repeating land uses.  While Scenario 3 contained the same number of parcels as 

Scenario 2, with the same land uses, each parcel in Scenario 3 had two driveways, making a total 

of 84 driveways.  In all scenarios there are an equal number of driveways on the north and south 

sides along the corridor, and the driveways lined up across the road.  Once the land uses were 

identified, the researchers used the Institute of Transportation Engineers (ITE) Trip Generation 

manual to estimate the number of trips generated and the directional distribution 

(entering/exiting) of each particular land use (12).  In Scenario 3, the trips generated were 

divided equally between the two driveways.  The vehicles exiting all driveways in all scenarios 
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were divided equally—50 percent left turning and 50 percent right turning.  This was also true 

for all vehicles entering the driveways—50 percent enter from one direction and the other 50 

percent enter from the other direction.  

 

Traffic Demand  

 

Scenarios 1 and 2 evaluated ADT volumes of 18,000, 23,000, 28,000, and 48,000.  The research 

team added ADTs of 33,000 and 38,000 to Scenario 3’s evaluation.  For a given ADT level and 

simulation run, the same number of vehicles entered the corridor from each end.  The actual 

number of entering vehicles was calculated by estimating the DDHV, which was accomplished 

by multiplying the ADT by the K-factor (0.135) and the D-factor (0.5).  The K-factor value was 

estimated for a suburban area (4), and the D-factor assumed an equal split of traffic from each 

direction. 

 

For the raised median conditions, VISSIM automatically rerouted the existing traffic to their 

final destination using the shortest route.  For example, a left-turning motorist that was 

prohibited by the installation of the raised median would turn right and then make a U-turn at the 

first median opening.  

 

Vehicle Conflict Points 

 

Similar to the preceding case studies, researchers evaluated conflict points for Scenario 1 (with a 

TWLTL) and Scenarios 2 and 3 (with raised medians).  The number of conflict points is based 

on the number of driveways and types of intersections. 
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Table 2-19 summarizes the number of conflict points for Scenario 1, which contains 18 

driveways and two cross streets, with a driveway spacing of 660 feet.  This distance is the same 

as the median opening spacings in the raised median options.  For this reason, Scenario 1 can be 

interpreted as a TWLTL or a raised median.  The total number of conflict points is 338. 

 

Table 2-19. Theoretical Corridor Scenario 1 
(with a Five-lane TWLTL/RM) Conflict Points. 

Roadway Section 
Type1 

Number of Intersection 

Types along Study Corridor 

Conflict Points 
per 

Intersection2 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  18 13 5 234 
T-Intersections RM 

(Driveways)  0 2 5 0 
Cross Street 1 
Intersection 1 52 5 52 

Cross Street 2 
Intersection 1 52 5 52 

Total 338 
1TWLTL = two-way left-turn lane.  RM = raised median.   
2It is assumed that even though the driveways are directly across from one another, vehicles will not go straight 
from one driveway to the other.  
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 

The total number of conflict points for Scenario 2 with a five-lane TWLTL cross section is 

shown in Table 2-20.  The total number of conflict points increased from Scenario 1 because the 

number of driveways increased from 18 to 42.  The number of conflict points increased from 338 

to 650, approximately 48 percent. 
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Table 2-20.  Theoretical Corridor Scenario 2 (with a Five-lane TWLTL) Conflict Points. 

Roadway Section 
Type1 

Number of Intersection 

Types along Study Corridor 

Conflict Points 
per 

Intersection2 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  42 13 5 546 
T-Intersections RM 

(Driveways)  0 2 5 0 
Cross Street 1 1 52 5 52 
Cross Street 2 1 52 5 52 

Total 650 
1TWLTL = two-way left-turn lane.  RM = raised median.   
2It is assumed that even though the driveways are directly across from one another, vehicles will not go straight 
from one driveway to the other.  
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 

Table 2-21 presents Scenario 2 with a seven-lane TWLTL.  The addition of one lane in each 

direction increased the number of conflict points even more than adding more driveways.  The 

number of conflict points increased from 338 in Scenario 1 to 674, approximately 50 percent. 

 

Table 2-21.  Theoretical Corridor Scenario 2 (with a Seven-lane TWLTL) 
Conflict Points. 

Roadway Section 
Type1 

Number of Intersection 

Types along Study Corridor 

Conflict Points 
per 

Intersection2 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  42 13 7 546 
T-Intersections RM 

(Driveways)  0 2 7 0 
Cross Street 1 1 64 7 64 
Cross Street 2 1 64 7 64 

Total 674 
1TWLTL = two-way left-turn lane.  RM = raised median.   
2It is assumed that even though the driveways are directly across from one another, vehicles will not go straight 
from one driveway to the other.  
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 
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The theoretical corridor in Scenario 2 with a five-lane RM is shown in Table 2-22.  The number 

of conflict points dramatically decreased after the installation of a raised median, from 338 in 

Scenario 1 to 196, approximately 42 percent. 

    

Table 2-22.  Theoretical Corridor Scenario 2 (with a Five-lane RM) Conflict Points. 

Roadway Section 
Type1 

Number of Intersection 

Types along Study Corridor 

Conflict Points 
per 

Intersection2 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  0 13 5 0 
T-Intersections RM 

(Driveways)  42 2 5 84 
Cross Street 1 1 56 5 56 
Cross Street 2 1 56 5 56 

Total 196 
1TWLTL = two-way left-turn lane.  RM = raised median.   
2It is assumed that even though the driveways are directly across from one another, vehicles will not go straight 
from one driveway to the other.  
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 

The number of conflict points for Scenario 2 with a seven-lane RM is summarized in Table 2-23. 

The addition of one lane in each direction adds conflict points at the intersections, but 

installation of the raised median reduces the number of conflict points at driveways.  The 

decrease in driveway conflict points decreases the total number of conflict points for the corridor 

from 338 in Scenario 1 to 216, approximately 36 percent.
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Table 2-23.  Theoretical Corridor Scenario 2 (with a Seven-lane RM) Conflict Points. 

Roadway Section 
Type1 

Number of Intersection 

Types along Study Corridor 

Conflict Points 
per 

Intersection2 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  0 13 7 0 
T-Intersections RM 

(Driveways)  42 2 7 84 
Cross Street 1 1 66 7 66 
Cross Street 2 1 66 7 66 

Total 216 
1TWLTL = two-way left-turn lane.  RM = raised median.   
2It is assumed that even though the driveways are directly across from one another, vehicles will not go straight 
from one driveway to the other.  
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 
 
Table 2-24 presents the number of conflict points for Scenario 3 with a seven-lane TWLTL.  

Doubling the number of driveways along the corridor doubles the number of driveway conflict 

points.  The total number of conflict points increased significantly from 338 in Scenario 1 to 

1220, approximately 70 percent. 

 

Table 2-24.  Theoretical Corridor Scenario 3 (with a Seven-lane TWLTL) 
Conflict Points. 

Roadway Section 
Type1 

Number of Intersection 

Types along Study Corridor 

Conflict Points 
per 

Intersection2 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  84 13 7 1,092 
T-Intersections RM 

(Driveways)  0 2 7 0 
Cross Street 1 1 64 7 64 
Cross Street 2 1 64 7 64 

Total 1,220 
1TWLTL = two-way left-turn lane.  RM = raised median.   
2It is assumed that even though the driveways are directly across from one another, vehicles will not go straight 
from one driveway to the other.  
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 
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Table 2-25 indicates the number of conflict points for Scenario 3 with a seven-lane RM.  This 

scenario is an excellent example of how simply installing a raised median will dramatically 

decrease the number of conflict points.  The number of conflict points decreased from 1120 in 

Scenario 3 without a raised median to 300 with a raised median, a reduction of approximately 75 

percent.  The number of conflict points decreased from 338 in Scenario 1 to 300, approximately 

11 percent. 

 

Table 2-25.  Theoretical Corridor Scenario 3 (with a Seven-lane RM) Conflict Points. 

Roadway Section 
Type1 

Number of Intersection 

Types along Study Corridor 

Conflict Points 
per 

Intersection2 
Number of 

Lanes3 

Total 
Conflict 
Points 

T-Intersections 
TWLTL (Driveways)  0 13 7 0 
T-Intersections RM 

(Driveways)  84 2 7 168 
Cross Street 1 1 66 7 66 
Cross Street 2 1 66 7 66 

Total 300 
1TWLTL = two-way left-turn lane.  RM = raised median.   
2It is assumed that even though the driveways are directly across from one another, vehicles will not go straight 
from one driveway to the other.  
3Number of lanes includes through lanes with a TWLTL or RM depending on the option.  
Note: Some rows were kept at zero for consistency and comparison across similar tables. 

 

Analysis Procedure 

 

The researchers used VISSIM to model three scenarios, each having a few different options 

related to traffic volume and median treatment.  The corridor’s length and two cross streets 

remain the same throughout each scenario, and the signalized cross streets are placed 0.5 miles 

apart.  The subsequent sections detail the three different scenarios and their varying options.  The 

VISSIM model evaluated travel time and delay along the corridor under each of the scenarios.  

 

Scenario 1.  Scenario 1 consists of a five-lane TWLTL (or raised median).  The driveways are 

spaced 660 feet apart, the same distance as the median openings.  This spacing provides the same 

benefits of having a raised median.  The 1.0-mile long corridor contains two cross streets (0.5 

miles apart) and 18 driveways (660 feet apart), nine on each side directly across from one 
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another (see Figure 2-13).  This scenario was analyzed using ADTs of 18,000, 23,000, and 

28,000.  Signal timing was optimized for every option using the different ADTs. 

 

Scenario 2.  Scenario 2 consists of four different options: a five-lane TWLTL and raised median 

and a seven-lane TWLTL and raised median.  The geometry of Scenario 2 is similar to that of 

Scenario 1.  However, in this scenario 24 driveways were added to the original 18, making a 

total of 42 driveways spaced 330 feet apart (see Figure 2-14).  This scenario was analyzed using 

ADTs of 18,000, 23,000, 28,000, and 48,000.   

 

Scenario 3.  This scenario is a seven-lane corridor with a TWLTL in one option and a raised 

median in another option.  The driveway density increases once again in this scenario, doubling 

from 42 to 84 and creating a driveway spacing of 165 feet (see Figure 2-15).  For this scenario, 

the research team analyzed ADTs of 18,000, 23,000, 28,000, 33,000, 38,000, and 48,000. 

Figure 2-13.  Schematic of Cross Streets and Driveway Locations for Scenario 1. 

Figure 2-14.  Schematic of Cross Streets and Driveway Locations for Scenario 2. 

Figure 2-15.  Schematic of Cross Streets and Driveway Locations for Scenario 3. 
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Findings 

 

The research team analyzed travel time, vehicle speed, and delay at three locations along each 

corridor.  Figure 2-16 shows the locations of data collection points (CPs) or travel time 

measurement “bars.”  For example, CP 1’s beginning travel time measurement “bar” is on the 

west side, and the ending travel time measurement bar is on the east side.  Collection points 1, 2, 

and 3 collect data in one direction, while CPs 4, 5, and 6 collect data at the same location but in 

the opposite direction.  Collection points 1 and 4; 2 and 5; and 3 and 6 coincide, respectively, for 

opposite directions.  Note that CPs 1 and 4 are located 0.25 miles from the end at the points 

where traffic enters the corridor.  The distance between CP 1 and CP 4 is 1 mile.  Collection 

points 2 and 5 are located just outside the cross-street intersection and before a driveway.  They 

are 0.55 mile (2,900 feet) apart.  This placement focuses on signal effects on vehicle travel when 

compared to CPs 3 and 6, located just inside the cross-street intersection and before a driveway.  

CPs 3 and 6 are 0.47 mile (2,500 feet) apart.  Each scenario was run five times using different 

random seeds, then analyzed and compared to similar options to ensure they were similar enough 

to average and to estimate the performance measures.  Tables in the following sections 

summarize the averages of the five runs. 

Figure 2-16.  Collection Point Locations in VISSIM. 

CP 1

CP 3

CP 2

CP 4

CP 6

CP 5

Main Street 

Cross Street #1 Cross Street #2 

N 
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Table 2-26 presents travel times for Scenario 1.  As would be expected, CPs 1 and 4 have the 

longest travel time while CPs 3 and 6 have the shortest.  This is consistent in all analyses. 

Compared to Scenario 1, Scenario 2 (five-lane with TWLTL) travel times increased only 

slightly. The greatest increase, occurring at CPs 3 and 6 with an ADT of 18,000, is only 5.8 

seconds (approximately 11 percent).  There is less similarity between Scenario 1 and Scenario 2 

(five lane with RM).  The increase in travel time is greatest at CPs 1 and 4.  As the collection 

points move farther out along the corridor, the travel time increase becomes greater.  Travel time 

decreases from Scenario 2 (five-lane TWLTL and RM—see Table 2-27) to Scenario 2 (seven-

lane TWLTL and RM—see Table 2-28).  This decrease is intuitive and occurs because of the 

additional capacity of the corridor.  There is very little difference between Scenario 2 (seven-

lane with TWLTL and RM) and Scenario 3 (seven-lane TWLTL and RM) except at 48,000 

ADT.  The raised median did result in a 50.2 seconds (44 percent) increase over the TWLTL for 

Scenario 2. 

 

The raised median generally has a higher travel time than the TWLTL in Scenario 3.  At 48,000 

ADT, the raised median increased travel time by 11.9 second (10 percent—see Table 2-29).   

 

Table 2-26.  Theoretical Corridor Scenario 1 
(Five-lane) Travel Time Analysis Findings. 

Weighted Average Travel 
Time (seconds) 

Option1 1 & 4 2 & 5 3 & 6 
1. 18,000 TWLTL/RM  119.0 68.7 48.8 
2.  23,000 TWLTL/RM 117.8 65.5 49.7 
3.  28,000 TWLTL/RM  119.0 64.8 50.5 

1TWLTL = two-way left-turn lane.  RM = raised median. 
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Table 2-27.  Theoretical Corridor Scenario 2 
(Five-lane) Travel Time Analysis Findings. 

Weighted Average Travel 
Time (seconds) 

Option1 1 & 4 2 & 5 3 & 6 
1. 18,000 TWLTL 127.7 77.0 55.0 
2.  23,000 TWLTL  123.5 69.6 51.9 
3.  28,000 TWLTL  116.8 66.9 50.8 
4. 18,000 RM  130.8 80.6 53.7 
5.  23,000 RM 131.5 77.0 54.4 
6.  28,000 RM  152.9 76.9 58.5 

1TWLTL = two-way left-turn lane.  RM = raised median. 
 
 

Table 2-28.  Theoretical Corridor Scenario 2 
(Seven-lane) Travel Time Analysis Findings. 

Weighted Average Travel 
Time (seconds) 

Option1 1 & 4 2 & 5 3 & 6 
1. 18,000 TWLTL 122.9 75.6 49.0 
2.  23,000 TWLTL  121.6 73.1 49.2 
3.  28,000 TWLTL  117.6 70.9 47.8 
4.  48,000 TWLTL 115.3 65.2 50.2 
5. 18,000 RM  132.4 84.8 50.6 
6.  23,000 RM 131.5 80.0 51.9 
7.  28,000 RM  130.6 85.5 51.2 
8.  48,000 RM 165.5 100.8 59.4 

1TWLTL = two-way left-turn lane.  RM = raised median. 
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Table 2-29.  Theoretical Corridor Scenario 3 
(Seven-lane) Travel Time Analysis Findings. 

Weighted Average Travel 
Time (seconds) 

Option1 1 & 4 2 & 5 3 & 6 
1. 18,000 TWLTL 120.6 74.2 48.1 
2.  23,000 TWLTL  121.7 73.4 48.8 
3.  28,000 TWLTL  121.4 71.7 50.2 
4. 33,000 TWLTL  114.5 64.9 50.8 
5.  38,000 TWLTL  114.4 64.5 49.4 
6.  48,000 TWLTL 114.5 63.0 50.0 
7. 18,000 RM  128.4 80.2 49.4 
8.  23,000 RM 123.0 73.8 49.2 
9.  28,000 RM  123.4 73.6 49.6 
10.  33,000 RM 122.4 66.7 48.7 
11.  38,000 RM 139.8 67.9 49.6 
12.  48,000 RM 126.4 65.9 50.9 

1TWLTL = two-way left-turn lane.  RM = raised median. 
      

 

Speed was also analyzed along the corridor based on the travel time data.  The speed distribution 

used in VISSIM was from 28.4 and 51.7 mph.  In all scenarios, speeds between CPs 3 and 6 

(within the signalized intersections) are fastest overall.  Between CPs 2 and 5 (right outside the 

intersection) speeds decrease.  This is due to vehicles slowing or stopping at the signals.  The 

overall speeds generally decrease from Scenario 1 to Scenario 2 (five-lane TWLTL and RM) 

(comparing Tables 2-30 and 2-31).  When lanes are added to Scenario 2 (see Table 2-32), the 

speeds generally increase slightly, as expected.  There is a slight decrease in speed when a raised 

median is introduced to the corridor for both Scenario 2 (Tables 2-31 and 2-32) and Scenario 3 

(Table 2-33).  There are small differences in speeds between Scenario 2 (seven-lane TWLTL and 

RM—Table 2-32) and Scenario 3 (TWLTL and RM—Table 2-33).  Also, there is little change in 

speed between median treatments.  At Scenario 3 CPs 1 and 4, the speed decreases from 31.5 

miles per hour with a TWLTL to 25.8 miles per hour with a raised median at 38,000 ADT (Table 

2-33).  This difference is only approximately 10 percent reduction in speed. 
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Table 2-30.  Theoretical Corridor Scenario 1 
(Five-lane) Average Speed Analysis Findings. 

Average Speed (miles/hour) 
Option1 1 & 4 2 & 5 3 & 6 

1. 18,000 TWLTL/RM  30.2 28.8 34.9 
2.  23,000 TWLTL/RM 30.6 30.2 34.3 
3.  28,000 TWLTL/RM  30.2 30.5 33.8 

1TWLTL = two-way left-turn lane.  RM = raised median. 
 
 

Table 2-31.  Theoretical Corridor Scenario 2 
(Five-lane) Average Speed Analysis Findings. 

Average Speed (miles/hour) 
Option1 1 & 4 2 & 5 3 & 6 

1. 18,000 TWLTL 28.4 25.7 30.8 
2.  23,000 TWLTL  29.1 28.5 32.6 
3.  28,000 TWLTL  31.1 29.6 33.3 
4. 18,000 RM  27.5 24.6 31.7 
5.  23,000 RM 27.4 25.7 31.3 
6.  28,000 RM  23.6 25.9 29.2 

1TWLTL = two-way left-turn lane.  RM = raised median. 
 
 

Table 2-32.  Theoretical Corridor Scenario 2 
(Seven-lane) Average Speed Analysis Findings. 

Average Speed (miles/hour) 
Option1 1 & 4 2 & 5 3 & 6 

1. 18,000 TWLTL 29.4 26.2 34.5 
2.  23,000 TWLTL  29.6 27.1 34.4 
3.  28,000 TWLTL  30.7 27.9 35.4 
4.  48,000 TWLTL 31.2 30.4 33.7 
5. 18,000 RM  27.2 23.3 33.4 
6.  23,000 RM 27.4 24.7 32.6 
7.  28,000 RM  27.6 23.1 33.0 
8.  48,000 RM 21.8 19.6 28.5 

1TWLTL = two-way left-turn lane.  RM = raised median. 
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Table 2-33.  Theoretical Corridor Scenario 3 
(Seven-lane)  Average Speed Analysis Findings. 

Average Speed 
(miles/hour) 

Option1 1 & 4 2 & 5 3 & 6 
1. 18,000 TWLTL 29.8 26.7 35.2 
2.  23,000 TWLTL  29.9 27.0 34.7 
3.  28,000 TWLTL  29.8 27.7 33.7 
4. 33,000 TWLTL  31.4 30.5 33.3 
5.  38,000 TWLTL  31.5 30.7 34.3 
6.  48,000 TWLTL 31.4 31.4 33.8 
7. 18,000 RM  28.1 24.6 34.5 
8.  23,000 RM 29.3 26.8 34.6 
9.  28,000 RM  29.2 26.9 34.3 
10.  33,000 RM 29.4 29.7 35.0 
11.  38,000 RM 25.8 29.1 34.4 
12.  48,000 RM 28.5 30.1 33.2 

1TWLTL = two-way left-turn lane.  RM = raised median. 
 

Delay was not collected using nodes on the theoretical corridor as it was in the three case studies 

(Tables 2-34 to 2-37).  VISSIM estimated delay from the collection points or travel time 

measurement “bars.”  This estimation provides average delays for vehicles traversing from one 

CP to the next.  Average delay data collection was changed to the node method for the case 

studies for more understandable results.  Average delay for all the scenarios is shortest at CPs 3 

and 6 and longest at CPs 1 and 4.  This difference is due to the greater number of obstacles like 

signals and driveways for collection points farther apart on the corridor.  There is a great 

difference in delay between CPs 2 and 5 and 3 and 6.  This difference suggests that the main 

delay factor is the signalized intersection.  A comparison between Scenario 1 (Table 2-34) and 

Scenario 2 (with a TWLTL—Tables 2-35 and 2-36) shows little change in delay.  However, 

when a raised median is installed the delay increases, likely because of the more circuitous travel 

required to reach U-turn locations.  For example, in Scenario 3 at an ADT of approximately 

48,000 (Table 2-37), CPs 1 and 4, delay increases 12.0 seconds per vehicle, an increase of 

approximately 55 percent. 
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Table 2-34.  Theoretical Corridor Scenario 1 
(Five-lane) Average Delay Analysis Findings. 

Average Delay (seconds per 
vehicle) 

Option1 1 & 4 2 & 5 3 & 6 
1. 18,000 TWLTL/RM  26.7 17.9 5.2 
2.  23,000 TWLTL/RM 25.4 14.8 6.1 
3.  28,000 TWLTL/RM  26.5 15.2 6.8 

1TWLTL = two-way left-turn lane.  RM = raised median. 
 

Table 2-35.  Theoretical Corridor Scenario 2 
(Five-lane) Average Delay Analysis Findings. 

Average Delay (seconds 
per vehicle) 

Option1 1 & 4 2 & 5 3 & 6 
1. 18,000 TWLTL 34.6 25.9 11.3 
2.  23,000 TWLTL  30.7 18.7 8.3 
3.  28,000 TWLTL  24.3 16.2 7.3 
4. 18,000 RM  37.7 29.5 10.0 
5.  23,000 RM 38.5 26.1 10.7 
6.  28,000 RM  60.1 29.1 14.9 

1TWLTL = two-way left-turn lane.  RM = raised median. 
 

Table 2-36.  Theoretical Corridor Scenario 2 
(Seven-lane) Average Delay Analysis Findings. 

Average Delay (seconds 
per vehicle) 

Option1 1 & 4 2 & 5 3 & 6 
1. 18,000 TWLTL 30.0 24.7 5.4 
2.  23,000 TWLTL  29.1 22.2 5.6 
3.  28,000 TWLTL  24.7 19.9 4.6 
4.  48,000 TWLTL 22.4 12.8 6.9 
5. 18,000 RM  39.8 34.0 7.1 
6.  23,000 RM 38.6 28.9 8.3 
7.  28,000 RM  37.5 27.2 7.5 
8.  48,000 RM 72.3 43.1 15.6 

1TWLTL = two-way left-turn lane.  RM = raised median. 
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Table 2-37.  Theoretical Corridor Scenario 3 
(Seven-lane) Average Delay Analysis Findings. 

Average Delay (seconds per 
vehicle) 

Option1 1 & 4 2 & 5 3 & 6 
1. 18,000 TWLTL 28.1 23.2 4.5 
2.  23,000 TWLTL  28.8 22.6 5.2 
3.  28,000 TWLTL  28.4 17.8 6.6 
4. 33,000 TWLTL  22.0 14.1 4.7 
5.  38,000 TWLTL  20.3 13.7 5.8 
6.  48,000 TWLTL 21.9 12.3 6.4 
7. 18,000 RM  35.7 29.2 5.7 
8.  23,000 RM 30.2 22.9 5.6 
9.  28,000 RM  31.0 22.7 6.1 
10.  33,000 RM 29.8 15.9 5.1 
11.  38,000 RM 47.2 17.0 5.9 
12.  48,000 RM 33.9 15.0 7.3 

1TWLTL = two-way left-turn lane.  RM = raised median. 
 

2.8.3  Discussion and Conclusions 

 

Analysis of the theoretical corridors also addressed the number of conflict points, travel time, 

speed, and delay.  These results help researchers begin to identify operational characteristics 

resulting from changing to raised medians from TWLTL lanes and altering driveway density.  It 

is anticipated that adding additional traffic volume, beyond that experienced in the field case 

studies, may result in even larger differences in these four parameters between median types.  

 

Safety is an important aspect of access management.  A reduction in the number of conflict 

points within a corridor will likely reduce the number of crashes within that corridor.  Installing 

a raised median is an excellent way to reduce the number of conflict points.  This is illustrated 

the most in Scenario 3 (see Table 2-38).  When a raised median is added to the corridor, the 

number of conflict points decreases from 1,220 to 300, a decline of roughly 75 percent.  Scenario 

2 also showed a large decrease in the number of conflict points after the addition of a raised 

median.  Another way to reduce the number of conflict points is to reduce the number of 

driveways along the corridor.  When the number of driveways increased from 18 to 42, the total 

conflict points for the scenarios with a TWLTL increased from 338 to 650 (five lanes) and 674 

(seven lanes), an increase of approximately 50 percent. 
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Table 2-38.  Theoretical Corridor Characteristics and Results. 
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Scenario 1 
TWLTL 
and 
Raised 

2 Not 
Applicable 18 660 660 18,000 to 28,000 Not 

Applicable 
Not 
Applicable 

18,000 2 <1 (decrease) 
TWLTL 

23,000 6 2 (decrease) 

Raised 

2 -70 42 330 660 

28,000 31 8 (decrease) 
18,000 8 2 (decrease) 

TWLTL 23,000 8 2 (decrease) 
28,000 11 3 (decrease) 

Scenario 2 

Raised 
3 -70 42 330 660 

48,000 44 9 (decrease) 
18,000 6 2 (decrease) 
23,000 1 <1 (decrease) TWLTL 
28,000 2 <1 (decrease) 
33,000 7 2 (decrease) 
38,000 22 6 (decrease) 

Scenario 3 

Raised 

3 -75 84 165 660 

48,000 10 3 (decrease) 
1 Scenario 1 can be considered as both a TWLTL and a raised median because, due to the driveway spacing, there is no change 
in the conflict points and turning locations. 

2The percent difference values are from the conversion from a TWLTL to a raised median.  Negative values imply a decrease 
when converting to the raised median.  These differences are based upon the weighted average of three micro-simulation runs. 

3The ADTs are estimated by assuming a K and D factor to apply to the observed peak-hour volume. 
 
 
Table 2-38 illustrates all the theoretical scenarios and their results.  As in the case studies, the 

number of conflict points decreases with the installation of a raised median.  This decrease 

occurs even when the number of driveways increases from 18 in Scenario 1 to 84 in Scenario 2, 

an increase of approximately 460 percent.  The number of conflict points for both the five- and 

seven-lane options for Scenario 2 was reduced by 70 percent with the installation of a raised 

median.  This large reduction is accompanied by an increase in travel times with the raised 

median by from 2 to 31 percent for the five-lane option and from 8 to 44 percent for the seven-

lane option.  The Scenario 3 results show a 75 percent reduction in the number of conflict points 

with the installation of a raised median, along with a 1 to 22 percent increase in travel time.   

 



 76

These results generally demonstrate an increase in travel time along the corridor for through-

moving vehicles due to the circuitous travel of U-turning traffic and the associated weaving of 

these maneuvers.  The actual reduction in speed is, on average, approximately 3 mph when a 

raised median replaces a TWLTL.  It is hypothesized that these relatively small differences 

would likely be justified by the associated reduction in conflict points and potential safety 

increase along such corridors.  These analyses also make assumptions about traffic patterns 

entering and exiting the corridors.  Along and around an actual corridor, observation rather than 

simulation would allow a better understanding of the origin-destination patterns which might 

lead to better management of traffic circulation. 

 

Future research in this area should continue investigating the relationship between median type, 

driveway density, and traffic volume.  In the theoretical corridors, the median opening spacings 

were set at 1/8 mile (660 feet), and it would be interesting to investigate the potential changes in 

travel time with different median opening spacings.  It would also be interesting to investigate 

these parameters over longer corridors to gain insight into potential changes over longer 

distances.  It is preferable that such analyses be conducted on actual field sites, along with an 

associated crash analysis, though finding such a site and performing such data collection could 

be difficult and costly. 
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CHAPTER 3 
 

CRASH ANALYSIS METHODOLOGY AND FINDINGS 
 

This chapter describes the crash analysis performed along 11 case study locations in Texas and 

one in Oklahoma.  This analysis provides a safety estimate on corridors after installation of 

access management techniques.  Researchers investigated three locations where a raised median 

was installed to replace TWLTLs and two locations where raised medians were added to 

undivided roads.  One notable finding of this part of the project is that crash data accuracy, 

availability, and usefulness vary greatly among agencies.  For instance, it can be quite difficult, 

if not impossible, to obtain crash data dated more than 10 years ago.  Further details are provided 

in each case study discussion. 

 

3.1 CRASH ANALYSIS CASE STUDY LOCATIONS 

 
The 11 case study locations for crash analysis identified in Texas, as well as the one in 

Oklahoma are listed below: 

• Texas Avenue in College Station; 

• Loop 281 in Longview; 

• Call Field Road in Wichita Falls; 

• Grant Avenue (US 385) in Odessa;  

• 71st Street in Tulsa, Oklahoma; 

• Camp Bowie Boulevard (US 377) in Fort Worth; 

• University Drive (US 380) in McKinney; 

• Preston Road (SH 289) in Plano; 

• 31st Street (FM 1741) in Temple; 

• Broadway Avenue (US 69) in Tyler; 
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• 42nd Street (SH 191) in Odessa; and, 

• Park Boulevard in Plano. 

 

Researchers studied the Texas Avenue corridor first, in order to develop and refine the analysis 

process for all case study corridors.  Therefore, this report includes more detailed information 

about the Texas Avenue corridor, and the reader is referred to Report 0-4221-1 for more 

information where applicable.  Case study locations are described in further detail in the sections 

that follow. 

 

3.2 TEXAS AVENUE (COLLEGE STATION) CASE STUDY LOCATION 

 

3.2.1 General Description 

 

The first case study corridor is along Texas Avenue in College Station, Texas.  Researchers 

investigated changes in crash characteristics along Texas Avenue from 0.2 miles south of George 

Bush Drive to 0.2 miles north of University Drive.  Before the retrofit, Texas Avenue was a five-

lane roadway with a TWLTL.  In 1996, TxDOT widened Texas Avenue to six lanes and 

converted the TWLTL to a raised median.  The land use on the east side of Texas Avenue is 

mainly commercial.  There are many traffic generators such as a large home electronics store, a 

bookstore, restaurants, and retail shops.  Figure 3-1 shows the study site between the two arrows 

along Texas Avenue.  The campus of Texas A&M University borders the west side of Texas 

Avenue.  Figure 3-2 and Figure 3-3 show the raised median treatment along this portion of Texas 

Avenue, which has only one main entrance to the campus. 

 

Researchers gathered crash data for the time period from January 1993 to June 2000 for the 

study site.  Crash data were examined both for the entire corridor and at specific locations.  The 

subsequent sections describe data collection, traffic demand, analysis procedures, and 

preliminary results.  Portions of the Texas Avenue case study location discussion are excerpted 

from references (9) and (13). 
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Figure 3-1.  Texas Avenue Study Site in College Station, Texas, Used for Crash Analysis 
(Map Provided by MapQuest.com, Inc.). 
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Figure 3-2.  Raised Median Treatment on Texas Avenue Showing Cross Section. 

 

Figure 3-3.  Raised Median Treatment on Texas Avenue Showing Median Openings.
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3.2.2 Data Collection 

 

Crash data were obtained from the Accident Records Bureau (ARB) of the Texas Department of 

Public Safety (DPS) in Austin.  “Coded crash data” refers to crash information contained in the 

DPS mainframe database.  Currently, this information consists of all the data from the original 

crash reports, with the exception of crash sketches and the exact wording of narratives, for the 

most recently processed 10-year time frame.  For quality assurance purposes, original crash 

reports retained by DPS were also collected and compared to the coded crash data, allowing 

researchers to investigate the accuracy of the crash-reporting process in the State of Texas.  The 

authors will take the readers step by step through the crash-reporting process, summarize the 

quality of the process, and describe the specifics of the data collection. 

Crash-Reporting Process 

Completing a crash report is the beginning of the crash-reporting process.  In the State of Texas, 

a crash report is submitted on one of two forms, the ST-2 or the ST-3 (see Appendix B, 

Figures B-1 through B-4). 

 

The ST-2 is used less often and is sent directly to the ARB by one or more of the crash 

participants.  This form is used when there is no police involvement or when the police do not 

plan to report the crash and the motorists involved still desire an official record.  The ST-2 is 

more commonly referred to as the “blue form,” due only to the color of the form. The form 

contains all the applicable information for the crash including location, vehicle identification, 

damage, and casualties. 

 

When local agency police do not report a crash, drivers have the right and responsibility to report 

their traffic incident to the DPS with a blue form.  State law places the onus on the driver, not the 

policing authority, to report a crash on a public roadway.  In most cases, if the police stop at the 

crash scene they will submit a report.  In property damage only (PDO) cases where the total 

property damage is estimated at less than $1,000 and no injuries were involved, the drivers may 

request that police not fill out a crash report because the drivers intend to report the incident and 
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are peaceably exchanging insurance and contact information.  To clarify, PDO means no injuries 

occurred, and there was only vehicular and/or roadway facility damage.  In some cases, 

researchers use equivalent property damage only (EPDO) to include injuries by adding the 

associated costs from the injuries to the PDO for comparison and estimating purposes.  The 

authors of this report did not use EPDOs.  If the police are not involved at the crash scene, the 

drivers may file a crash report either directly through the local police or through the DPS.  If the 

crash is a PDO not exceeding $1,000 and no traffic citations or criminal proceedings are 

warranted, it is highly unlikely the police will report the crash, even if the drivers involved try to 

report it.  In that specific instance, the police will suggest that the drivers submit a blue form to 

DPS for reporting purposes. 

 

Crash-reporting trends are the common reason behind the fewer number of blue form crash 

reports.  Regardless of the legal responsibility of drivers to report crashes, the current tendency 

of motorists is to not report crashes not involving injuries, criminal charges, and/or property 

damage exceeding $1,000 because drivers wish to avoid higher insurance rates (14,15). 

 

In the State of Texas, police use the ST-3 to report crashes.  The ST-3 contains all the same 

information as the blue form, except in more detail.  This form has a location for the reporting 

officer to sketch the crash and write summary comments.  These comments are based on 

statements of individuals involved and the officer’s professional assessment of the crash scene.  

One benefit of the ST-3 is that the officer’s comments should offer a more accurate and unbiased 

point of view of the incident.  The police form also includes citation, weather, and road data.  

Weather conditions, road data, and crash sketches may be submitted on the blue form in the 

driver narrative section; however, the ST-3 offers a less biased crash assessment because drivers 

invariably will report in their own favor for insurance purposes.  Once the officer’s crash 

investigation is complete, the crash record is submitted to the local police department.   

 

Crash information retained by local authorities varies in length and detail based on the needs and 

goals of the local policing authority.  In College Station, Texas, the local police store certain data 

from the crash report in a local database.  The database contains information such as the crash 
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location and the overall severity of the crash.  Overall crash severity is one way that crashes are 

categorized. 

 

Disposition of individuals involved in a crash is associated with the overall crash severity.  For 

instance, in a crash with four possible injuries and one incapacitating injury, the crash has an 

overall severity of incapacitating injury.  An example of a possible injury is when a person 

complains of a sore neck.  Non-incapacitating injuries consist of obvious scrapes and bruises that 

do not physically disable a person at the scene, while incapacitating include broken limbs or 

excessive bleeding requiring minimal movement and a pressure bandage (e.g., a tourniquet).  

Crash data retained by the College Station Police Department (CSPD) are shown in Appendix B. 

 After the data are input, the records are stored on file in the CSPD Records Department and a 

copy is shipped to the ARB.  The local recording process usually takes about 10 business days. 

 

When the ST-2 and ST-3 reports arrive at the ARB, the files are immediately sorted and state 

processing begins.  The process is similar to an assembly line.  Incoming files are date stamped 

and sorted by county.  In the next stage, the records are separated into three categories, referred 

to as Groups I, II, and III for the Texas Avenue case study.   

 

The crash reports are placed in the different groups based on cause of crash, location of crash, 

estimated replacement/repair costs involved, and overall crash severity.  Group I includes PDO 

crashes less than $1,000 and crashes that do not occur on a roadway (i.e., crashes in a private 

parking lot).  Group II includes PDO crashes equal to or in excess of $1,000 in which the 

vehicles were not towed from the scene.  Group III includes all crashes that take place on a 

public roadway that include injuries and/or PDOs equal to or in excess of $1,000 in which the 

vehicles were towed.  Group I crashes are the least likely to be reported.   

 

During the grouping stage, certain information is marked on the records for later coding to an 

individual’s traffic history/driving record.  All traffic violations are coded to a driver’s traffic 

history for state and insurance reasons.  The crash is coded into the at-fault driver’s record for 

state purposes, but the crash is not coded into the not-at-fault driver’s record.  An example of a 

not-at-fault driver is a driver of a vehicle that is rear-ended at a stop light.  Only the rear-end 
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motorist has the crash coded to his/her personal driving record.  Another example of a not-at-

fault driver is one who crashed while evading an animal on the roadway.  It is possible to be at 

fault in a crash and not receive a traffic citation, for example, when the crash does not occur on a 

roadway but on private property instead, such as a parking lot. 

 

The state and insurance agencies use a driver’s personal driving record for different purposes. 

The state uses this information to suspend a driver’s license or to aid in criminal proceedings.   

Insurance agencies use the information to analyze their client’s policy to validate premium 

changes or policy cancellation.  However, insurance agencies have only limited access to the 

data.  They can only retrieve the last three years of data and only those data including traffic 

citations.  The only crash data insurance agencies can access is what a driver submits in an 

insurance claim. 

 

Coding Group II and III crash data into a DPS mainframe is the next step in the state crash-

reporting process.  Group I records are not included because they are the least likely to be 

reported and the least severe. 

 

The first and longest step in the coding process is handwritten coding.  During this phase, the 

coding of records is broken down into different stages.   The reports are coded in an assembly-

line fashion with ARB staff coding only certain information as the record passes through.  For 

instance, a specific person’s task would be to code only the driver data onto a hard-copy sheet. 

 

Once the hard-copy coding phase is complete, the data are input using a dual data entry method.  

While in the earlier stages, data entry is checked on varying levels to minimize errors, the dual 

data entry method is one of the best ways to reduce mistakes.  Two different people input the 

same data into a computer; the computers compare the records; matching records are approved 

for final mainframe upload; and records that do not match are set aside for checking. 

 

One further note, the ARB is working to further improve the crash-reporting system with the 

Crash Record Information System (CRIS).  DPS is working with TxDOT to fund this new 

system which will help automate the reporting process and make the information more accessible 
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in a timely manner.  ARB staff members are assisting in transportation engineering and planning 

by supplying crash data to different agencies that try to make informed infrastructure safety 

improvements.  CRIS will further enhance the abilities of the ARB and any other agency 

requiring such information.  A copy of a CRIS newsletter is located in Appendix B. 

 

There is a more in-depth description of the crash-reporting process in outline format in 

Appendix B.  Figure 3-4 is a flowchart representation of the above crash-reporting process. 

Data Collection Efforts 

The authors retrieved crash data from various resources.  They obtained primary data, the coded 

and original crash reports, from the ARB.  After defining the study corridor, the researchers 

compiled the coded crash data using a TTI CD-ROM supplied by the ARB.  To collect the 

original crash reports, the applicable reference information, such as the date of the crash and the 

county where the crash occurred, were submitted directly to the ARB.  Other data collected from 

TxDOT were the annual average daily traffic (AADT) counts and the roadway layout before and 

after the retrofit.  AADT values will be discussed later in Section 3.2.3, “Traffic Demand,”  and 

roadway layout will be discussed in Section 3.2.4, “Crash Analysis Procedure.” 

 

Crash data used for the before-construction analysis covered January 1993 to December 1994.  

The data used for the after-construction period covered July 1998 to June 2000.  Researchers 

selected the before time frame because starting in July 1995, PDO records contained only PDO 

crashes where the vehicle had to be towed from the scene.  If there was no injury or the vehicle 

was not towed, then there was not a crash record after July 1995.  The before data were filtered 

as appropriate to ensure that comparisons to the after-construction data were consistent.  

Researchers selected the after time frame because June 2000 were the most recent data available 

and construction of the raised median concluded in June 1998. 
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Figure 3-4.  Crash-Reporting Process Flowchart. 
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Summary of Crash-Reporting Errors 

 

Most crash-reporting errors were found in the location, orientation, crash type, or severity of the 

incident.  After carefully looking through more than 1,014 individual crash reports, the 

researchers feel confident that location inaccuracies are the most prevalent.  In some instances, 

both law enforcement personnel and ARB coding staff made data entry errors. The mistakes 

were minor and not attributable to negligence.  The authors assess that, through comparison with 

original crash reports, they can identify and correct the few crash reporting errors. 

 

Researchers first looked for coding errors made during ARB data entry.  Of 1,014 records 

studied, they found only 29 errors (3 percent) in the DPS mainframe after comparison with the 

data provided in the original police reports.  Of the 29 coding mistakes, eight resulted during 

hard-copy coding stage by someone who was unfamiliar with the peculiarities of College 

Station.  For example, SH 30 is Harvey Road, and FM 2818 is Harvey Mitchell Parkway.  One 

crash that occurred at Harvey Mitchell Parkway was coded for Harvey Road.  For someone from 

College Station, the error is obvious; however, it is far more probable that someone who is 

unfamiliar with the area may unknowingly code the information incorrectly.  For the errors 

found, the original crash report removed any doubt as to the location of the crash. 

Of the remaining errors, 20 were related to coding the incorrect primary road at an intersection 

crash, and only one was related to the crash type.  Coding mistakes for the primary roadway are 

the least significant because the discrepancies are based on the authors’ interpretation of the data 

and not on the ARB coding rules.  The ARB defines the primary roadway as the one that has 

designation seniority.  In other words, in a crash at the intersection of Texas Avenue and 

University Drive, the primary roadway is Texas Avenue because it is a state highway and 

University Drive is a farm-to-market road.  The researchers believe if the crash does not occur in 

the intersection (i.e., an off-setting reference distance is supplied that places the crash outside of 

the intersection), then the crash should be coded to the roadway on which it occurs.  Hence, the 

crash reports were modified accordingly. 

The other source of error in crash reporting originates with the crash report submitted by the 

police.  The police reports studied for this project contained more than enough additional 
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information to enable the researchers to clarify and verify any perceived discrepancies in the 

reporting of location, orientation, crash type, or severity of a crash.  In their investigation, the 

researchers did find erroneous reference distances used by the reporting officer(s).  For example, 

one police officer recorded a crash 100 feet south of Dominik Drive.  After further investigation, 

the researchers were able to determine through other reported information that the crash occurred 

600 feet south of Dominik Drive.  The reported orientation, crash type, and crash severity data 

overall appeared contain no errors.  Researchers looked for errors of this type from the 

perspective of internal discrepancies within the report itself.  For instance, it would be 

considered an error if a police officer coded the crash severity with a death but did not record the 

death of any of the drivers or non-drivers. 

The milepost position of a crash along the main roadway, as coded by DPS, is another potential 

error related to crash location.  This error also occurs in the handwritten coding stage; however, 

this fault cannot be solely attributed to the ARB, nor is it considered a significant problem.  

Because driveway openings can be approximately 40 feet wide, accuracy within 0.01 or 0.001 

miles (53 or 5 feet) is desirable.  In the field, it would be a daunting, if not impossible, task for 

officers to determine that level of accuracy by current manual methods for the entire State of 

Texas.  Technologies such as the Global Positioning System (GPS) might be used in the future to 

identify the crash location relative to known objects (e.g., traffic signs or center of curve radius). 

 Police report locations for all crashes were compared to milepost locations from the TxDOT 

location map and were adjusted to within 5 feet to ensure the location accuracy. 

Common errors that were expected but could not be verified were those related to: the exact 

number of vehicles involved, the true intentions of the at-fault driver, and compounding causes 

attributing to the crash.  In one instance, the driver of a vehicle in the southbound outside lane 

approaching traffic congestion at the Texas Avenue and George Bush Drive signal attempted to 

move into the adjacent lane to avoid the longer queue of cars and sideswiped another vehicle.  

None of the other drivers or the reporting officer made any comment or inference regarding the 

at-fault driver’s intention.  Answers to questions such as “did the driver miss his/her blind spot,” 

“was the other driver speeding or changing lanes,” and “did either party have additional stimuli 

distracting him/her from driving” are typically unknown, due to inaccurate eyewitness reporting 

and drivers providing false information to avoid incrimination (6). 
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To summarize the quality assurance aspect of the study, error calculations were limited to the 

milepost locations of crashes along the main roadway. 

In the above calculations, the revised data section refers to the reduction of original raw data. 

This reduction includes removing all data records containing errors not attributable to the DPS 

such as data input errors in the original police report and data the DPS coded for the wrong 

roadway due to lack of familiarity with the crash location.  Cases where the DPS coded the 

wrong roadway, which occurred approximately 3 percent of the time, were not included because 

it was difficult to ascertain the intent of the coding officer.   

Overall, the low percentage of errors in the state crash record data is promising and indicates a 

robust data set for crash analysis along Texas Avenue.  The authors looked at coded data 

collected locally by the College Station Police Department, but chose not to use them because 

the information was not detailed enough for this study’s purposes. 

 

3.2.3 Traffic Demand 

 

Traffic volumes were retrieved from TxDOT to generate the section and intersection crash rates 

for Texas Avenue addressed in this section.  Table 3-1 presents the AADT values used for the 

rate calculations.  Values for the entering volumes listed in Table 3-2 were calculated assuming a 

50/50 directional split, and were then used to formulate total entering volumes for the 

intersection rate calculations. 
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Table 3-1.  Texas Avenue AADT Counts. 

AADT (vehicles/day) 

Texas 
Avenue 
North of 

University 
Drive 

University 
Drive West 

of Texas 
Avenue 

University 
Drive East 
of Texas 
Avenue 

Texas 
Avenue from

University 
Drive to 

George Bush 
Drive 

George Bush 
Drive West 

of Texas 
Avenue 

Texas 
Avenue 
South of 

George Bush 
Drive 

Year 
MP 4.9501 MP 6.6211 MP 6.7161 MP 5.7001 MP 3.2321 MP 6.0561 

1993 26,000 34,000 31,000 40,000 22,000 39,000 
1994 25,000 34,000 29,000 42,000 22,000 41,000 
19982 22,500 35,500 32,000 38,500 26,500 42,000 
19992 25,500 38,500 34,500 43,000 28,000 46,500 
Before 25,500 34,000 30,000 41,000 22,000 40,000 
After 24,000 37,000 33,250 40,750 27,250 44,250 

1 MP = milepost referring to a location along a roadway as used by TxDOT in Roadway Inventory (RI) logbooks.   
2 Time frame is from July of that year through June of the next. 
 
 

Table 3-2.  Traffic Volumes Entering Texas Avenue. 

Entering Traffic Volumes (vehicles/day) 
Vehicles Entering the Intersection of 

Texas Avenue and George Bush Drive 
Vehicles Entering the Intersection of 
Texas Avenue and University Drive Year EB1 WB1 NB1 SB1 EB1 WB1 NB1 SB1 

1993 11,000 11,000 19,500 20,000 17,000 15,500 20,000 13,000 
1994 11,000 11,000 20,500 21,000 17,000 14,500 21,000 12,500 
19982 13,250 13,250 21,000 19,250 17,750 16,000 19,250 11,250 
19992 14,000 14,000 23,250 21,500 19,250 17,250 21,500 12,750 
Before 11,000 11,000 20,000 20,500 17,000 15,000 20,500 12,750 
After 13,625 13,625 22,125 20,375 18,500 16,625 20,375 12,000 

1 EB = eastbound; WB = westbound; NB = northbound; and SB = southbound. 
 2 Indicates that the time frame goes from July of that year through June of the next. 
 

3.2.4 Crash Analysis Procedure 

 

This section discusses the use of crash diagrams, crash rates, and the various calculations that 

were performed in the crash analysis. 
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Crash Diagrams 

Crash diagrams are an integral part of conducting a crash analysis.  Crash diagramming is a 

standard technique that enables researchers to pinpoint locations with high crash volumes and to 

visually associate the representative crash types with their location.  Researchers generate crash 

diagrams by placing each individual crash on a plane-view schematic of the study location 

according to the crash type, location, and whether there was an injury involved.  Figure 3-5 

below, from the “Traffic Accident Studies” chapter in the ITE Manual of Transportation 

Engineering Studies, was used by the authors to produce the crash diagrams.  This figure was 

essential in the diagramming process. 

Figure 3-5.  Crash Diagram Symbols (6). 

Figures 3-6 and 3-7 show two examples of the researcher’s crash diagrams for this study.  Each 

tally mark represents one crash. 
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Crash Rates 
 

Crash rates were used to describe the change in crash impacts from the “before” period to the 

“after” period.  Using crash rates equalizes the calculated values between before and after 

periods by normalizing the data to traffic volumes and time frames of before and after periods.  

The intersection crash rates were calculated for the intersections of Texas Avenue and University 

Figure 3-6.  Before Period at Texas Avenue (left to right)  
and Dominik Drive (up and down). 

Figure 3-7.  Before Period at Texas Avenue (left to right)  
and George Bush Drive (up and down). 
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Drive as well as Texas Avenue and George Bush Drive.  Researchers selected these intersections 

because they are the two intersections with the highest traffic volumes along the corridor.  The 

following filtering process was used to determine which crashes should be attributed to the 

intersections.  All crash reports for crashes that occurred within 0.2 miles north, south, east, and 

west of the center of the intersection were collected and analyzed in detail to determine if the 

cause of the crash could be attributed to the intersection.  For example, a rear-end crash that 

occurred because a driver stopped for the signal was attributed to the intersection; however, a 

sideswipe crash that occurred after the vehicles passed through the intersection was not 

attributed to the intersection.  Only crashes whose causes were attributed to the intersection were 

included in the calculation of the intersection crash rates.  The other type of crash rate that was 

calculated was a section rate. The section consisted of the 0.7-mile section of Texas Avenue 

between the intersections of University Drive and George Bush Drive.  Table 3-3 summarizes 

the locations of the intersections and sections that were used to calculate crash rates.   

 

Table 3-3.  Milepost Locations Used to Calculate the Intersection and Section Crash Rates. 

Location 
Texas Avenue and 
University Drive Section 

Texas Avenue and 
George Bush Drive 

Milepost 5.85-6.25 5.2-5.9 4.92-5.32 
 

The “before” period was a 2-year period from January 1993 to December 1994, because of the 

change in the crash-reporting threshold that occurred in 1995.  The “after” period was the 2-year 

period from July 1998 to June 2000. Equations 3-1, 3-2, and 3-3 were used to calculate the crash 

rates and percent change values (6).  Statistical analyses were performed for the Texas Avenue, 

corridor and they are contained in reference (9).  

TV
CRSP

365
000,000,1

=  (3-1) 

TVL
CRSEC

365
000,000,100

=  (3-2) 

100× 
B

B- A
=Change %  (3-3) 
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Where:  

RSP = spot crash rate (intersection); 

 RSEC = section crash rate; 

 C = total number of crashes for the associated location and time frame; 

 T  = time frame in years; 

 V = annual average daily traffic counts entering study location (vehicles per day); 

 L = length of roadway section under investigation (miles); 

 A = absolute value of the after rate; and 

 B = absolute value of the before rate. 

 

3.2.5 Crash Analysis Results 

 

This section presents summaries of the data and findings and describes the results of the crash 

study as a whole.  This discussion also covers the Texas Avenue/University Drive and Texas 

Avenue/George Bush Drive intersections and, finally, the effect of the closure of access to 

Dominik Drive. 

Vehicle Conflict Points 

 

As part of this study, researchers conducted an evaluation of vehicle conflict points for the 

existing and proposed conditions.  Before installation of the raised median, the condition on 

Texas Avenue was a five-lane arterial with a TWLTL.  At the intersections of Texas Avenue 

with George Bush Drive and University Drive, the TWLTL transitioned to a conventional left-

turn lane. 

Previous research suggests that a TWLTL providing access to numerous driveways can be a 

safety problem because of the numerous conflict points.  Table 3-4 presents an estimation of the 

number of conflict points based on the type and number of intersections and driveways along the 

study corridor. 
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Table 3-4.  Total Conflict Points along Texas Avenue for the Before Period. 

Roadway Section 
Type1 

Number of Intersection2 Types 
along Study Corridor 

Conflict Points 
per 

Intersection 
Number of 

Lanes 

Total 
Conflict 
Points 

T-Intersection 
(TWLTL) 42 13 5 546 

T-Intersection 
(RM) 9 2 5 18 

T-Intersection 
(RMO) 0 11 5 0 

T-Intersection (C) 1 11 5 11 
RMO only 4 5 5 20 

4-Way  
Intersection (Mi) 1 46 5 46 

4-Way 
 Intersection (GB) 1 40 5 40 

4-Way 
 Intersection (NM) 1 46 5 46 

4-Way  
Intersection (U) 1 85 5 85 

Total 812 
1 TWLTL = two-way left-turn lane.  RM = raised median.  RMO = raised median opening. C = channelized raised 

median treatment.  Mi, GB, NM, and U = Miliff Road, George Bush Drive, New Main, and University Drive, 
respectively. 

2 Intersections include both public streets and private driveways. 
 
 

The “after” geometry consists of a raised median between University Drive and George Bush 

Drive, with median openings at 10 locations.  Table 3-5 summarizes the estimated number of 

conflict points for the “after” condition.  The “after” condition reduces the number of potential 

conflicts from 812 to 602, a reduction of approximately 26 percent.  

Findings of Summary Statistics and Analyses 

Crashes.  Table 3-6 shows the reduction in the total number of crashes, comparing all crashes 

reported in the “after” period to the same types of crashes in the “before” period.  An 

approximately 59 percent reduction in crashes occurred over the entire Texas Avenue corridor. 
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Table 3-5.  Total Conflict Points along Texas Avenue for the After Period. 

Roadway 
Section Type1 

Number of Intersection2 
Types along Study Corridor

Conflict 
Points per 

Intersection 
Number of 

Lanes 
Total Conflict 

Points 
T-Intersection 

(TWLTL) 7 13 5 91 

T-Intersection 
(TWLTL) 4 15 7 60 

T-Intersection 
(RM) 27 2 7 54 

T-Intersection 
(RMO) 7 13 7 91 

T-Intersection 
(C) 0 11 7 0 

RMO only 1 5 7 5 
RMO only 7 7 7 49 

4-Way 
Intersection (Mi) 1 54 7 54 

4-Way 
Intersection (GB) 1 64 7 64 

4-Way 
Intersection 

(NM) 
1 59 7 59 

4-Way 
Intersection (U) 1 75 7 75 

Total 602 
1 TWLTL = two-way left turn-lane.  RM = raised median.  RMO = raised median opening. C is a channelized raised 

median treatment.  Mi, GB, NM and U stand for Miliff Road, George Bush Drive, New Main and University Drive, 
respectively. 

2 Intersections include both public streets and private driveways. 
 

It should be noted in Table 3-6 that the sum of the crashes in the “before” period for the two 

signalized intersections and from milepost 5.200 to 5.900 is 403 (102+194+107), and this is not 

equal to the 435 reported in the “Texas Avenue Corridor” column.  This is because the 

individual crash reports were investigated along the corridor, and if the crash was outside of the 

milepost 5.200 to 5.900 segment and it could not be directly attributed to the intersection, it was 

not included in the intersection tally.  Therefore, there were 32 crashes (435-402) that were 

outside of mileposts 5.200 and 5.900 and not attributable to the signalized intersection in the 

“before” period.  
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In the “after” period, the two signalized intersections and mileposts 5.200 to 5.900 sum to 181 

(35+93+53) rather than the 178 indicated in the “Texas Avenue Corridor” column.  This is 

because the signalized intersections overlap with the milepost 5.200 to 5.900 segment (see Table 

3-3); therefore, if a crash occurs along that segment and is attributed to a signalized intersection 

it would be included in both places.  In this case, the “Texas Avenue Corridor” value of 178 is 

lower than the 181 crashes to ensure there is no double-counting of crashes along the corridor.   

 

Table 3-6.  Summary of Crash Reduction on the Texas Avenue Corridor. 

Time Period 
Texas Avenue 

Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.9001 

Intersection of 
Texas Avenue & 
University Drive

Before 435 102 194 107 
After 178 35 93 53 

Percent Change -59.1 -65.7 -52.1 -50.5 
1 MP = milepost referring to a location along a roadway as used by TxDOT in Roadway Inventory (RI) logbooks.  

MP 5.200 to MP 5.900 refers to the roadway section from approximately 500 feet north of George Bush Drive to 
300 feet south of University Drive along Texas Avenue.  This section of the roadway was used for the section crash 
rates discussed later in the report. 

 
 
When a raised median is installed, one can expect reductions in head-on and angular crashes.  

This reduction is due to the physical separation of opposing traffic that the raised median 

provides and the resulting prohibition of left-turn movements.  It is possible that when a raised 

median is installed, other types of crashes, such as rear-ends and sideswipes, may increase.  

These types of crashes can be attributed to vehicles stopping near a median opening or vehicles 

changing lanes to get to a median opening.  This is particularly likely if the median opening was 

not adequately designed.  For instance, if the length of the median opening is not long enough to 

accommodate the number of vehicles using it, this may result in rear-end crashes.  Sideswipe 

crashes could occur if the median opening is located too close to an intersection.  Figure 3-8 

shows the number of crashes in the before and after periods along the corridor. 
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Table 3-7 and Figure 3-9 display the number of crashes by crash type.  All crash types were 

lower in the after period than in the before period, with the exception of single-vehicle crashes.  

Each single-vehicle crash record for the after period was investigated, and researchers 

determined that these crashes were not caused by the raised median. 

 
Table 3-7.  Summary of Crashes by Crash Type. 

Time Period Rear-End Sideswipe 
Right-
Angle Head-On 

Single-
Vehicle Other 

Before 282 27 107 4 7 8 
After 113 9 42 1 13 0 

Percent Change -59.9 -66.7 -60.7 -75.0 85.7 -100.0 
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Figure 3-8.  Total Before and After Crashes by Milepost for Texas Avenue. 
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The authors also studied the effects of the closure of left-in-left-out traffic at a T-intersection 

along the study corridor.  The closure was at Dominik Drive, a local road intersecting the east 

side of Texas Avenue approximately 300 feet south of George Bush Drive.  Figure 3-10 is a 

photograph taken from Dominik Drive approaching Texas Avenue, showing the raised median 

and sign restricting left turns.  While the authors expected to find rear-end, sideswipe, right- 

angle, and head-on crashes for this intersection in both the “before” and “after” periods, the data 

revealed only right-angle crashes.  There were sideswipes associated with the TWLTL along the 

study corridor, but none occurred at the intersection of Dominik Drive and Texas Avenue (see 

Table 3-8). 

In one case, a motorist exited a private drive south of Miliff Road and proceeded to use the 

TWLTL to travel northbound on Texas Avenue.  Using the TWLTL, the driver gained speed to 

enter the main inside lane and sideswiped another vehicle.  This specific location was not 

included in the raised median retrofit, and a virtually identical crash occurred in both the before 

and after study time frames.  Sideswipes decreased by 67 percent for the entire corridor. 
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Figure 3-9.  Texas Avenue Crash Type Summary. 
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Dominik Drive at Texas Avenue was channelized for left-turn traffic in the before period; hence, 

the chance for a head-on crash was minimal.  The authors reiterate that a raised median removes 

the chance of a head-on crash in the center lane, while a TWLTL does not physically reduce the 

opportunity for a head-on crash. 

The authors also investigated crashes related to the proximity of Dominik Drive and the adjacent 

signalized intersection of Texas Avenue and George Bush Drive (see Figure 3-11).  Authors 

initially researched rear-end crashes at this location.  While TWLTLs decrease the number of 

roadway conflict points by removing turning traffic from the mainlanes, some motorists take 

advantage of the traversable TWLTL.  For example, drivers have unprohibited access to private 

Table 3-8.  Sideswipe Crashes. 

Time Period Texas Avenue Corridor 

Intersection of 
Texas Avenue & Dominik 

Drive 
Before 27 0 
After 9 0 

Percent Change -66.7 0 

Figure 3-10.  Raised Median Restricting Left Turns at Dominik Drive. 
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driveways and public streets and may drive into the TWLTL immediately following a signalized 

intersection.  As previously indicated, Dominik Drive is approximately 300 feet south of George 

Bush Drive.  Because dual left-turn lanes on northbound Texas Avenue take up approximately 

150 feet, only about 150 feet remains for traffic waiting to turn left onto Dominik Drive to queue 

in the TWLTL prior to the raised median installation.  Therefore, traffic could queue into the 

George Bush Drive intersection, causing a rear-end crash.  A rear-end crash could also occur as a 

result of a motorist on George Bush Drive turning right onto southbound onto Texas Avenue and 

trying to weave across traffic when southbound Texas Avenue has the right-of-way.  Another 

rear-end crash could occur when southbound left-turning George Bush Drive vehicles attempt to 

access Dominik Drive.  While these weaving maneuvers more than likely have occurred, there 

were no crashes attributed to such scenarios. 

Figure 3-11.  Map Showing Dominik Drive and Surrounding 
Street Network (Map Provided by MapQuest.com, Inc.). 

 
In some instances, when turning maneuvers are prohibited at one intersection due to crashes, the 

crash rate increases at adjacent intersections where turning maneuvers are allowed.  Therefore, 

the authors investigated whether such crash migration had occurred due to the closure of left-turn 

lanes at Dominik (see Figure 3-11).  In the before condition, motorists turning left onto Dominik 

Drive from the southbound lanes of Texas Avenue would have performed one of the following:  
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(1) traveled south down Texas Avenue, (2) turned right onto Texas Avenue from the eastbound 

traffic on George Bush Drive, or (3) turned left onto Texas Avenue from the westbound traffic 

on George Bush Drive.  The third scenario is the least likely, because an alternate route is 

available to avoid backtracking after going through the signalized intersection.  The two entry 

routes onto Dominik offered after the retrofit are (1) eastbound George Bush Drive through the 

Texas Avenue intersection or (2) U-turn at the end of the raised median and the beginning of the 

TWLTL south of Dominik Drive. 

The next set of drivers to consider are those turning left onto Texas Avenue southbound from 

Dominik Drive. Their rerouting paths are (1) westbound on George Bush Drive to Texas Avenue 

or (2) eastbound/southbound on George Bush Drive as it turns to intersect Harvey Road, which 

runs east and west and intersects Texas Avenue south of the study corridor. 

Both left-in and left-out motorists had to reroute, but the authors did not observe corresponding 

increases in crashes north or south of Dominik Drive along Texas Avenue.  Right-angle crashes 

decreased by 56 percent south of Dominik Drive, and there was the expected 100 percent 

reduction at Dominik Drive (see Table 3-9).  At the adjacent signalized intersection of George 

Bush Drive and Texas Avenue, total crashes and crash rates dropped by 66 and 70 percent, 

respectively.  These findings indicate that crashes did not migrate, and the raised median has 

reduced crashes at this intersection. 

Table 3-9.  Right-Angle Crashes. 

Time Period 
Texas Avenue 

Corridor 
Intersection of Texas 

Avenue & Dominik Drive 
MP 6.190 

to MP 6.2551 
Before 107 16 16 
After 42 0 7 

Percent Change -60.7 -100 -56 
1 MP = milepost referring to a location along a roadway as used by TxDOT in Roadway Inventory (RI) logbooks.  

MP 6.190 to MP 6.255 refers to the roadway section from approximately 600 feet south of George Bush Drive to 
1,100 feet south of George Bush Drive along Texas Avenue.  

 

Crash Rates.  As indicated earlier, the authors studied the before-and-after crash rates calculated 

using Equations 3-1 and 3-2.  Table 3-10 contains a summary of the crash rates and associated 

percent changes.  There was an overall reduction in the crash rates at the two major intersections 

along the study corridor and for the section of roadway between the intersections. 
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Table 3-10.  Summary Crash Rates1. 

Time frame 
Texas Avenue & 

George Bush Drive 
Texas Avenue & 
University Drive 

MP 5.200 
to MP 5.9002 

Before 2.2 21.0 4.3 
After 0.7 11.0 1.8 

Percent Change -69.5 -46.0 -57.0 
1 Equations 3-1 and 3-2 were used to determine crash rates at an intersection and roadway section, respectively. 
2 MP = milepost referring to a location along a roadway as used by TxDOT in Roadway Inventory (RI) logbooks.  

MP 5.200 to MP 5.900 refers to the roadway section from approximately 500 feet north of George Bush Drive to 
300 feet south of University Drive along Texas Avenue. 

 

Injuries.  Another common effect of the installation of a raised median is a reduction in crash 

severity.  This reduction is due to the decrease in head-on collisions and right-angle crashes, 

which are typically the most severe types of crashes.  Table 3-11 displays a summary of the 

numbers of injuries by severity level in the before and after periods.  The number of possible 

injuries reduced from 206 to 141 (32 percent reduction).  The number of incapacitating injuries 

dropped significantly from 14 in the before period to 1 in the after period, a reduction of 

approximately 93 percent reduction.  There was a small increase in the number of non-

incapacitating injuries, but this shift in injury type may be due to the reduction in overall 

severity. 

Table 3-11.  Summary of Injuries. 

Time Period Possible Injury1 
Non-Incapacitating 

Injury1 Incapacitating Injury1

Before 206 48 14 
After 141 50 1 

Percent Change -31.6 4.2 -92.9 
1 The various injury classifications were defined in “Crash-Reporting Process” in Section 3.2.2 of this chapter. 
 

Figures 3-12 and 3-13 graphically represent injury classes as a percentage of total injuries.  

Table 3-11, Figure 3-12, and Figure 3-13 illustrate a reduction in crash severity. 
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Figure 3-12.  Summary of Injuries in the Before Period for the Texas Avenue Corridor. 

Figure 3-13.  Summary of Injuries in the After Period for the Texas Avenue Corridor.
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3.2.6 Comparison Group 

 

Many different factors can influence a simple before-and-after study.  The biggest factor is the 

inability to control potentially confounding factors (14).  The underlying assumption behind a 

before-and-after study is that the reduction in crashes from the “before” period to the “after” 

period can be attributed to the treatments.  The following list describes confounding factors that, 

if not accounted for, may invalidate the results of a before-and-after study (14). 

Traffic, weather, road user behavior, vehicle fleet, and other factors change over time.  

Therefore, the reduction in crashes or severity of crashes may be due to the change in these 

factors rather than the traffic management treatment. These factors include the following: 

• In addition to the treatment in question, other treatments or programs may have been 

implemented during either of the study periods. 

• The number of PDO crashes is affected by the cost of repairs, which will gradually change 

over time. 

• The probability of reportable crashes being reported may change over time, possibly due to 

changes in insurance rates. 

• The roadway section may have been chosen for treatment because of an unusually high crash 

history.  However, since such a crash history is “unusual,” the location may not be the best 

comparison of “after” period data. 

 
Using a comparison group to control all the confounding factors not easily estimated, researchers 

eliminated some factors that could make the underlying assumption in the “before-and-after” 

study questionable.  One study asserts that it is reasonable to assume a large comparison group 

(i.e., one in which the annual crash count is at least several hundred) will encompass all factors 

that may affect the long-term expected number of crashes (15). 

The total number of reported crashes in College Station, Texas was chosen as the comparison 

group for this study. Since the study site is located in College Station, any confounding factors 
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affecting the study site would be encompassed in the comparison group.  Figure 3-14 displays a 

summary of crashes for the comparison group. 

Figure 3-14. Summary of Crashes in the Comparison Group. 

 

As mentioned previously, the crash-reporting threshold changed in June 1995, so that only 

crashes resulting in injury, or PDO crashes over $1,000 were reported.  Because of this, when 

comparing the total number of crashes in a 2-year period prior to 1995 (1993-1994) with a 2-year 

period after 1995 (1996-1997), approximately 33 percent fewer crashes were reported in the 

latter period.  Therefore, researchers reduced the total number of crashes for the comparison 

group in the “before” period by 33 percent prior to comparing it to the number of crashes in the 

“after” period.  Crashes that occurred on the studied section of Texas Avenue were removed 

from the comparison group.  A summary of this comparison is shown in Table 3-12. 

 

Table 3-12.  Summary of Comparison of Texas Avenue Corridor to Comparison Group. 

 Texas Avenue Corridor Comparison Group 
Crashes in the Before Period 435 2,362 
Reduced Crashes in the Before Period  4351 1,582 (33% decrease) 
Expected Crashes in the After Period2 470 (8% increase) - 
Actual Crashes in the After Period 178 (59% decrease) 1,706 (8% increase) 
1 Crashes in the “before” period for the Texas Avenue were previously filtered to reflect the change in the crash-

reporting threshold. 
2 Expected crashes as found in the comparison group. 
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The crashes in the comparison group increased by approximately 8 percent from the “before” 

period to the “after” period; therefore, an 8 percent increase in crashes along the Texas Avenue 

corridor could have been expected had there been no mitigation.  However, since the total 

crashes on the Texas Avenue corridor actually decreased by approximately 60 percent from the 

“before” to the “after” period, confounding factors do not appear to be responsible.  The 

reduction in crashes might be attributed to the raised median treatment and not to other 

confounding factors such as weather, vehicle fleet, driver behavior, cost of car repairs, 

inclination to report crashes, etc.  Further research is needed to determine why there was an 

overall increase in crashes in College Station as a whole.  This could be due to the population 

increase and/or to younger drivers, though the research team did not investigate this possibility. 

 

3.2.7 Recommendations and Discussion 

 

According to the study results, the raised median reduced crashes and crash severity along the 

Texas Avenue corridor, which suggests that the overall roadway safety was improved. 

 

Closing left-turn access reduces the number of conflict points and virtually removes the 

opportunity for right-angle and head-on crashes.  The removal of left-turn possibilities into and 

out of Dominik Drive eliminated right-angle crashes completely at that location.  Left-turning 

traffic was redirected and gained access through other means.  Redirected traffic flows may 

result in crash migration; however, there is no evidence of this phenomenon along the study 

corridor.   

Consequently, researchers studied the crash characteristics of the whole corridor and, in 

particular, right-angle crashes and crashes at the adjacent controlled intersection, George Bush 

Drive at Texas Avenue.  They investigated the adjacent signal because motorists may reroute 

eastbound on George Bush Drive east of Texas Avenue to gain access to Dominik Drive. The 

number of crashes for the whole corridor decreased by 59 percent and at the adjacent signal by 

50 percent.  Right-angle crashes south of Dominik Drive (a location that would offer a driver the 

opportunity to make a U-turn and then a right-turn to gain access to Dominik Drive) decreased 

by 56 percent.  It appears from these findings that crash migration did not occur and that the 
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rerouted paths forced by the use of a raised median resulted in crash reduction and a safer 

roadway. 

3.3 LOOP 281 (LONGVIEW) CASE STUDY LOCATION 

 

3.3.1 General Description 

 

Another case study corridor is Loop 281 in Longview, Texas, between FM 63 (McCann Road) 

and Spur 502 (Judson Road).  In the before condition, this road segment comprised three 

through-lanes in each direction as well as a flush median that varied in width from a typical 

TWLTL to more than 30 feet.  In the widest parts, vehicles pulled out from driveways and lined 

up several abreast, waiting for traffic gaps through which to complete left-turn movements.  The 

raised median project developed turn bays for full and directional turning movements (see 

Figure 3-15).  In addition, the raised median closed numerous previous left-turn opportunities. 

 

3.3.2 Crash Analysis 

 

The Texas Department of Public Safety provided crash reports for this case study location dating 

back to 1992, approximately 4 years before the median was built in late 1996.  This data set 

allowed the research team to conduct a before-and-after crash analysis of the corridor.  The 

reports include details about the number, severity, and locations of crashes on Loop 281. 

 

3.3.3 Traffic Demand 

 

Traffic volumes on the Loop 281 corridor were relatively constant throughout the study years, 

ranging from 20,000 to 27,000 vehicles per day.  The volume peaked in 1996, prior to the 

median installation.  Table 3-13 displays traffic volumes recorded at one point on the study 

segment for each of the study years. 
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Figure 3-15.  Loop 281 in Longview. 

 

Table 3-13.  Loop 281 (Longview) AADT Counts. 

Year AADT (vehicles/day) 
1992 23,000 
1993 25,000 
1994 26,000 
1995 24,000 
1996 27,000 
1997 20,000 
1998 24,000 
1999 23,000 

 
 
3.3.4 Crash Analysis Results 

 

The results of the crash analysis for the Loop 281 corridor are summarized in the following 

sections. 
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Crashes.  Table 3-14 shows the number of crashes along the corridor during the study period.  

Note that construction of the median occurred in 1996.  Crashes per million vehicle miles of 

travel (VMT) peaked in 1995, the year before the raised median was installed.  Crashes per 

million VMT dropped significantly after the median construction was completed, though there 

was another peak in 1998, decreasing again the following year.  The post-construction peak was 

lower than all but one of the pre-construction study years.   

 

Table 3-14.  Loop 281 (Longview) Corridor Summary of Crashes. 

Year Number of Crashes Crashes per Million VMT 
1992 44 4.03 
1993 62 5.23 
1994 66 5.21 
1995 71 6.23 
1996 42 3.28 
1997 38 4.04 
1998 57 5.01 
1999 42 3.85 

 

Loop 281 crash data available for the entire years of 1992 through 1999 are shown in 

Figures 3-16 through 3-23, with the locations and types of crashes that occurred during the study 

years.  It should be noted that each of these figures is based on the most recent aerial photograph, 

which includes the raised median. 
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Figure 3-16.  Longview (Loop 281) Crash Locations 1992. 
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Figure 3-17.  Longview (Loop 281) Crash Locations 1993. 
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Figure 3-18.  Longview (Loop 281) Crash Locations 1994.
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Figure 3-19.  Longview (Loop 281) Crash Locations 1995.



 



  119 

 

Figure 3-20.  Longview (Loop 281) Crash Locations 1996.
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Figure 3-21.  Longview (Loop 281) Crash Locations 1997.
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Figure 3-22.  Longview (Loop 281) Crash Locations 1998. 
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Figure 3-23.  Longview (Loop 281) Crash Locations 1999. 
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Table 3-15 provides the number of injuries by type for each of the study years.  The most 

significant observation from this figure is that there were five incapacitating injuries prior to 

raised median installation, with only one occurring in the years after the installation.  Though the 

incapacitating injury in 1993 was the result of a red-light running crash, this information 

indicates that the presence of the raised median affects the severity of crashes and injuries on this 

corridor.  The only fatality occurred as a result of a driver heart attack and ensuing single-vehicle 

collision. 

 

Table 3-15.  Loop 281 (Longview) Injury Type by Year. 

Year 1992 1993 1994 1995 1996 1997 1998 1999 
None 112 125 186 155 80 114 119 85 
Possible 28 54 51 50 45 45 64 52 
Non-
incapacitating 0 4 8 18 15 7 12 11 
Incapacitating 1 1 0 3 0 0 0 1 
Fatality 0 0 0 1 0 0 0 0 

 

 

Table 3-16 presents the crash impacts types by year on the Loop 281 corridor.  It is notable that 

there were no head-on crashes in the three years after the raised median was installed, while 

there was an average of one per year prior to installation.  Furthermore, side-swipe crashes 

decreased significantly in these years, as well, from an average of eight per year to an average of 

one per year. 

 

Table 3-16.  Loop 281 (Longview) Crash Impact Types by Year. 

Year 1992 1993 1994 1995 1996 1997 1998 1999 
Rear-End 25 31 27 20 18 21 23 17 
Side-Impact 10 22 27 44 18 15 30 25 
Side-Swipe 9 8 11 4 3 1 2 0 
Single 0 0 0 2 1 1 2 0 
Head-On 0 1 1 1 2 0 0 0 
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3.4  CALL FIELD ROAD (WICHITA FALLS) CASE STUDY LOCATION 

 

3.4.1 General Description 

 

Another case study corridor is along Call Field Road in Wichita Falls, Texas.  Less than 0.5 

mile, this segment of Call Field Road had a five-lane cross section including a TWLTL prior to 

improvements.  The adjacent land uses are primarily strip shopping centers with a few stand-

alone businesses.  There are several driveways and two side streets intersecting Call Field Road 

between the two end points of the segment (Kemp Boulevard and Lawrence Road).  One of the 

side streets, Faith Road, is an unsignalized intersection, while the other one, Rhea Road, is 

signalized.  The raised median closed left-turn opportunities at Faith Road as well as some 

driveways, as shown in Figure 3-24. 

Figure 3-24.  Call Field Road in Wichita Falls. 

 

3.4.2 Crash Analysis 
 

Since Call Field Road is not a state-maintained road, the research team obtained crash data from 

the Wichita Falls Police Department.  The data were received in two sets, neither of which 

contained detailed crash reports.  Therefore, the research team was not able to perform analysis 

consistent with that performed on the other corridors.  However, this corridor remains a 

candidate for future studies if appropriate data can be obtained. 
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3.5 GRANT AVENUE (US 385) (ODESSA) CASE STUDY LOCATION 

 

3.5.1 General Description 

 

Another case study corridor is along Grant Avenue (US 385) in Odessa, Texas.  Before 

installation of the raised median, this road segment was undivided with two lanes of traffic in 

both directions of travel, as well as angle-in parking for adjacent buildings.  The abutting land 

uses include retail stores and office buildings.  The 1992 road improvements changed the 

parking to parallel and separated the directions of travel with a raised median that features left-

turn bays at each street intersection (see Figure 3-25).  As a result, mid-block left-turns into 

parking spaces or driveways were no longer possible. 

 

Figure 3-25.  Grant Avenue (US 385) in Odessa. 
 

3.5.2 Crash Analysis 

 

Data Collection 

 

Texas DPS provided crash reports dating back to 1991, the year prior to median construction.  

Table 3-17 contains the traffic volumes that were provided to the research team. 
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Table 3-17.  Grant Avenue (US 385) AADT Counts. 

Year AADT (vehicles/day) 
1991 10,500 
1992   9,700 
1993   9,500 
1994 10,000 
1995 10,000 
1996 10,500 
1997 10,200 
1998 10,100 
1999 11,700 

 

Traffic volumes experienced an overall upward trend during the study years, all but two of which 

are post-construction of the median.  The central business district in Odessa has seen continued 

growth and redevelopment since the early 1990s, primarily due to expansions of hospitals and 

the health-care related industry. 

 

Table 3-18 presents numbers of crashes and crashes per million VMT for each of the study years 

on the Grant Avenue corridor.  Crashes per million VMT dropped considerably (from an average 

of more than 20 crashes per million VMT to an average of less than 15 crashes per million 

VMT) approximately 1 year after the median was opened.  It is important to keep in mind that 

during the median installation project, the on-street angle-in parking was converted to parallel.   

 

Table 3-18.  Grant Avenue (US 385) Corridor Summary of Crashes and Crash Rates. 

Year Number of Crashes Crashes per Million VMT 
1991 30 19.57 
1992 39 27.54 
1993 31 22.35 
1994 23 15.75 
1995 22 15.07 
1996 16 10.44 
1997 23 15.44 
1998 19 12.88 
1999 27 15.81 

 

The data also indicate that this conversion led to a decrease in mid-block crashes, as shown in 

Table 3-19.   
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Table 3-19.  Grant Avenue (US 385) Corridor Summary of Crashes by Location. 

 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 
Intersection 22 29 22 18 18 10 20 18 26 8 
Mid-Block 8 10 9 5 4 6 3 1 1 2 

 

The research also discovered that a high percentage of the crashes on the Grant Avenue corridor 

were caused by red-light running events.  As Table 3-20 shows, there was an average of 

approximately 36 crashes per year caused by a driver running a red light.  The percentages per 

year ranged from a low of 18 in 1995 to a high of 68 in 1998. 

 

Table 3-20.  Grant Avenue (US 385) Corridor Summary of Red-Light Running Crashes. 

Year 
Red-Light  
Crashes 

Total 
Crashes 

Percent 
Red-Light 

1991 10 33 30 
1992 12 39 31 
1993 10 31 32 
1994 5 23 22 
1995 4 22 18 
1996 4 16 25 
1997 9 23 39 
1998 13 19 68 
1999 17 27 63 
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Figure 3-26 depicts the locations and types of crashes that occurred on the Grant Avenue 

corridor during the study years.  This figure illustrates that fact that the vast majority of crashes 

on this corridor occurred at intersections with other public streets. 

 

3.6 71st STREET (TULSA) CASE STUDY LOCATION 

 

3.6.1 General Description 

 

This study also includes an analysis of 71st Street, between Lewis and Memorial, in Tulsa, 

Oklahoma.  This 4-mile corridor was widened to 6 lanes from 2 lanes over several years.  The 

road improvements included adding two through-lanes in each direction, as well as a raised 

median.  The eastern 2 miles of the corridor were improved in 1991.  The west-central segment 

(the second mile of road from the west) was completed in 1994 and the westernmost segment 

was completed in 1996.  Figure 3-27 shows 71st Street at Memorial. 

 

3.6.2 Crash Analysis 

 

Data Collection 

 

The Oklahoma Department of Transportation provided relatively detailed crash data for this 

corridor.  Again, the research team discovered differences in format and detail among various 

agencies providing crash data.  Individual crash reports were not available for this corridor; 

therefore, exact crash locations could not be plotted.  However, researchers used the information 

available to produce summaries of accidents (by type) for each section of the corridor. 
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Figure 3-26.  Grant Avenue (US 385) Crash Locations 1991-2000.
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Figure 3-27.  71st Street at Memorial Drive in Tulsa, Oklahoma. 

 
 
3.6.3  Traffic Demand 

 

While traffic counts were available for each of the four major segments of the corridor in various 

years of the study, only 2 counts per segment were available in some years, while in other years 

there were counts for only some of the segments.  When 2 counts were available for one 

segment, the average of the 2 volumes was used.  For those years in which no counts were 

available for a given segment, the research team estimated volumes by using straight-line 

projections between known counts.  Table 3-21 contains the traffic volumes provided to the 

research team. 

 

Traffic volumes increased significantly after the road-widening and median installation project.  

Such increases are not surprising, given that the capacity of the road was greatly increased when 

expanded from two lanes to six lanes.
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Table 3-21.  71st Street (Tulsa) AADT Counts. 

Year  Segment AADT (vehicles per day) 
1993 West 20,000 

 West-Central 20,100 
 East-Central 27,300* 
 East 25,500 

1994 West   22,180* 
 West-Central 20,497 
 East-Central   27,924* 
 East   28,153* 

1995 West 24,234 
 West-Central 22,600 
 East-Central   28,950* 
 East   28,340* 

1999 West 33,300 
 East 51,000 

2001 West 29,100 
 West-Central 31,200 
 East-Central   39,850* 
 East 41,700 

Note: * = estimated by interpolation. 

 

Table 3-22 shows the crash rates per million VMT for each of the major segments on the 71st 

Street corridor.  Crash rates per million VMT are estimated for the years in which traffic 

volumes were estimated. 

 
Table 3-22.  71st Street (Tulsa) Summary of Crashes. 

Year Segment Number of Crashes Crashes per Million VMT 
1993 West 39 5.34 

 West-Central 28 3.82 
 East-Central 33 3.31 
 East 85 9.13 

1994 West 28 3.46 
 West-Central 15 2.00 
 East-Central 27 2.65 
 East 61 5.94 

1995 West 22 2.49 
 West-Central 20 2.42 
 East-Central 36 3.41 
 East 75 7.25 



 137

Table 3-22.  71st Street (Tulsa) Summary of Crashes (continued). 

Year Segment Number of Crashes Crashes per Million VMT 
1996 West 29 3.13 

 West-Central 27 2.83 
 East-Central 58 4.73 
 East 77 6.28 

1997 West 20 1.95 
 West-Central 11 1.01 
 East-Central 26 1.85 
 East 78 5.42 

1998 West 32 2.86 
 West-Central 16 1.32 
 East-Central 39 2.45 
 East 71 4.30 

1999 West 20 1.65 
 West-Central 22 1.63 
 East-Central 87 5.06 
 East 61 3.28 

2000 West 29 2.55 
 West-Central 18 1.45 
 East-Central 54 3.40 
 East 53 3.13 

2001 West 36 3.39 
 West-Central 21 1.84 
 East-Central 29 1.99 
 East 27 1.77 

 

It is very clear that once the road was widened and the raised median installed, the crash rate 

dropped significantly.  Segments of this corridor experienced some of the lowest crash rates of 

the entire project.  Some of the 71st Street segments also have the lowest access point densities of 

the project. 

 

3.7 CAMP BOWIE BOULEVARD (US 377) (FORT WORTH) CASE STUDY 

LOCATION 

 

3.7.1  General Description 

 

The case study section of Camp Bowie Boulevard located between Hilldale and Horne, just 

southwest of the I-30/Camp Bowie interchange, is approximately 0.9 miles in length and is 
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abutted by commercial development.  This corridor contains two distinct segments, each with 

different types of development and access densities.  The east segment is characterized by 

businesses built on individual lots and an access density of 110 access points per mile.  This high 

density is partly due to Camp Bowie, which cuts through the area at a diagonal to the local street 

layout, creating several five- and six-leg intersections along this corridor.  The west segment has 

larger-scale shopping center style development, allowing businesses to share access points.  

There are also no intersections with more than four legs along this segment.  This segment of 

Camp Bowie Boulevard has an access density of 50 access points per mile, less than half the 

density of the east segment.  The entire corridor has a raised median that was in place prior to the 

study years.   

 

3.7.2  Crash Analysis 

 

Crash data were available in the form of individual crash reports from the Texas Department of 

Public Safety for the years 1993 through 2001.   

 

3.7.3 Traffic Demand 

 

Traffic counts, taken at one location on this corridor for each of the study years, are shown in 

Table 3-23.  Volumes on Camp Bowie Boulevard were relatively constant during the study 

years, though a downward trend exists.  

 

Table 3-23.  Camp Bowie Boulevard (US 377) AADT Counts. 

Year AADT (vehicles/day) 
1993 20,000 
1994 20,000 
1995 21,000 
1996 21,000 
1997 19,300 
1998 19,300 
1999 18,400 
2000 18,300 
2001 18,000 
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3.7.4  Crash Analysis Results 

 

Obvious differences exist in crash rates between the two segments of this corridor.  In any given 

year, the east segment typically had higher numbers of crashes per million VMT than the west 

segment, which has the lower access point density.  Table 3-24 shows the crash rates of each 

segment for the years that traffic volume and crash report data were available.   

 

Without exception, the east segment had a higher crash rate per million VMT than the west 

segment for each year of the project.  The differences between segments each year ranged from 

small fractions to factors of approximately three.  These crash rates support the theory that road 

segments with higher access point densities have higher crash rates. 

 

Table 3-24. Camp Bowie Boulevard (US 377) Corridor Summary of Crashes. 

Year Segment 
Access Density 
(points/mile) 

Number of 
Crashes 

Crashes per 
Million VMT 

1993 East 110 28 9.59 
 West 50 27 7.40 

1994 East 110 27 9.25 
 West 50 22 6.03 

1995 East 110 29 9.46 
 West 50 16 4.17 

1996 East 110 24 7.83 
 West 50 26 6.78 

1997 East 110 24 8.52 
 West 50 25 7.10 

1998 East 110 17 6.40 
 West 50 14 4.21 

1999 East 110 22 8.19 
 West 50 26 7.74 

2000 East 110 29 10.85 
 West 50 13 3.89 
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Figures 3-28 and 3-29 show the difference in the distribution of crashes on each segment of this 

corridor.  Figure 3-28 illustrates the west segment, which has a much lower access point density. 

Review of this figure reveals that the crashes are concentrated at major intersections more than 

the on the east segment (Figure 3-29).  It is important to note that not only are the crashes 

concentrated more on the segment with a lower access point density, but there is also a much 

lower crash rate per million VMT on that segment. 

 

3.8  UNIVERSITY DRIVE (US 380) (MCKINNEY) CASE STUDY LOCATION 

 

3.8.1 General Description 

 

This corridor, located between US 75 and SH 5 in McKinney, Texas, is approximately 1.3 miles 

long, with two distinct segments.  The east segment is abutted by smaller businesses on single 

lots, including some in houses transitioning from residential use.  This segment, between SH 5 

and Sharon Street, is approximately 0.8 miles long and has an access density of 98.75 access 

points per mile.  The west segment, located between US 75 and Sharon Street, has 56 access 

points per mile and is abutted by larger-scale developments with shared access points for 

multiple businesses. 

 

In 1992 a road widening project completed on University Drive increased the number of lanes 

from two to six and included installation of a raised median.  All the data used to study this 

corridor are post-construction (keeping in mind that construction was completed during 1992). 

 

3.8.2  Crash Analysis 

 

Texas DPS provided the research team with crash reports for the years 1992 through 2000.   
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Figure 3-28.  Camp Bowie Boulevard (US 377) Crash Locations (West Segment) 1993-2000.
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Figure 3-29.  Camp Bowie Boulevard (US 377) Crash Locations (East Segment) 1993-2000.
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3.8.3 Traffic Demand 

 

Traffic volumes have continually increased on University Drive since completion of the road 

widening and raised median project in 1992.  The west segment has consistently had higher 

volumes than the east segment, though both have increased at similar rates.  As seen in 

Table 3-25, traffic volumes have grown from approximately 14,000 to 24,000 vehicles per day 

on the east segment and 15,000 to 29,000 vehicles per day on the west segment. 

 

Table 3-25.  University Drive (US 380) AADT Counts. 

Year 
East Segment AADT 

(vehicles/day) 
West Segment AADT 

(vehicles/day) 
1992 13,500 14,700 
1993 17,400 18,600 
1994 19,800 21,000 
1995 19,400 21,000 
1996 19,800 21,000 
1997 21,000 23,000 
1998 22,000 24,000 
1999 23,000 28,000 
2000 24,000 29,000 

 

3.8.4 Crash Analysis Results 

 

As with the other case study corridors and segments, the west segment, which has a lower access 

density, experienced considerably lower crash rates than the east segment.  Other than in 1994, 

when the numbers of crashes per million VMT was almost the same for both segments, the east 

segment had from two to three times the crash rate of the west segment.  Table 3-26 displays the 

crash rates for each segment during the study period. 
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Table 3-26.  University Drive (US 380) Corridor Summary of Crashes. 

Year Segment 
Access Density 
(points/mile) 

Number of 
Crashes 

Crashes per 
Million VMT 

1992 East 98.75 27 10.96 
 West 56 9 2.10 

1993 East 98.75 17 5.35 
 West 56 13 2.39 

1994 East 98.75 15 4.15 
 West 56 25 4.08 

1995 East 98.75 17 4.80 
 West 56 21 3.42 

1996 East 98.75 24 6.64 
 West 56 15 2.45 

1997 East 98.75 20 5.22 
 West 56 25 3.72 

1998 East 98.75 26 6.48 
 West 56 22 3.14 

1999 East 98.75 37 8.81 
 West 56 27 3.30 

2000 East 98.75 38 8.68 
 West 56 27 3.19 

 
 
This case study yields another example of higher crash rates on road segments with higher 

access point densities than road segments with lower access densities.  Figures 3-30 and 3-31 

display the locations of crashes on the University Drive corridor for the study years. They show 

how the majority of crashes on this corridor are concentrated at intersections with public streets. 

 

3.9 PRESTON ROAD (SH 289) (PLANO) CASE STUDY LOCATION 

 

3.9.1  General Description 

 

The Preston Road case study corridor is located between Plano Parkway and Ventura in Plano, 

Texas.  It has six lanes and a raised median throughout the corridor, which is the case for each of 

the study years.  The study section of Preston Road is abutted by large-scale shopping center 

type development, characterized by shared access points.  
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Figure 3-30.  University Drive (US 380) Crash Locations (West Segment) 1991-2001.
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Figure 3-31.  University Drive (US 380) Crash Locations (East Segment) 1991-2001. 
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3.9.2 Crash Analysis 

 

At the time of this report preparation, Texas DPS was not able to provide crash reports for 

Preston Road.  For this report, the research team used summary crash data provided by the City 

of Plano.  These summary data do not include specific crash locations, which would allow 

plotting the crashes on maps or aerial photographs.  These data do provide enough information to 

prepare summaries of crash types and numbers for each major segment of the corridor. 

 

3.9.3 Traffic Demand 

 

Traffic volumes were available for each year of the study at one location on the corridor.  

Volumes ranged from 44,000 vehicles per day in 1995 to a high of 53,000 vehicles per day in 

2001.  Table 3-27 shows the traffic volumes for each study year for this corridor. 

 

3.9.4  Crash Analysis Results 

 

Table 3-28 shows the numbers of crashes per million VMT for each year of the study. 

 

Table 3-27.  Preston Road (SH 289) AADT. 

Year AADT (vehicles/day) 
1993 38,000 
1994 41,000 
1995 44,000 
1996 49,000 
1997 47,000 
1998 46,000 
1999 45,000 
2000 53,000 
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Table 3-28.  Preston Road (SH 289) Crashes per Million VMT. 

Year Number of Crashes Crashes per Million VMT 
1993 71 3.94 
1994 113 5.81 
1995 78 3.74 
1996 94 4.04 
1997 88 3.95 
1998 91 4.17 
1999 120 5.62 
2000 103 4.10 

 

The low crash rates on the Preston Road corridor are typical of corridors with raised medians and 

low driveway densities.  The access density of the Preston Road corridor is 30 access points per 

mile, which is lower than most of the corridors and corridor segments studied in this research 

project. 

 

Figures 3-32 through 3-34 show the locations of crashes on Preston Road for the study years 

(numbers next to icons represent the number of each crash type that occurred in each block). 

 

3.10  31ST STREET (FM 1741) (TEMPLE) CASE STUDY LOCATION 

 
3.10.1  General Description 

 

The 31st Street corridor in Temple, Texas, contains a mix of land uses, ranging from single- and 

multi-family residential to retail and office buildings.  The study section is approximately 1.3 

miles long and has an access density of 38.5 access points per mile.  The southern portion of the 

corridor has the highest concentration of access points, due to single-family houses with 

driveways fronting 31st Street.  However, that is a relatively short section of road and the number 

of crashes at the residential driveways was not high; therefore, this corridor is not divided into 

two segments.  The 31st Street corridor is characterized by a low access point density and a 

continuous TWLTL. 
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Figure 3-32.  Preston Road (SH 289) Crash Locations (Segment-A).
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Figure 3-33.  Preston Road (SH 289) Crash Locations (Segment-B).
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Figure 3-34.  Preston Road (SH 289) Crash Locations (Segment-C).  
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3.10.2  Crash Analysis 

 

Texas DPS provided the research team with crash reports for the study years on this corridor.   

 

3.10.3 Traffic Demand 

 

The traffic volumes on 31st Street shown in Table 3-29 range from 26,000 to 31,000 vehicles, 

with no upward or downward trend.   

 

Table 3-29.  31st Street (FM 1741) AADT Counts.  

Year AADT (vehicles/day) 
1993 30,000 
1994 29,000 
1995 31,000 
1996 30,000 
1997 29,000 
1998 31,000 
1999 26,000 
2000 30,000 

 

3.10.4  Crash Analysis Results 

 

The crash rates on 31st Street, listed by year in Table 3-30, are relatively low, ranging from 1.78 

to 4.07 crashes per million VMT.  There was no upward or downward trend in the crash rates 

through the years of the study period, consistent with the fact that no change to the cross section 

or access density occurred during this time.  
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Table 3-30.  31st Street Corridor (FM 1741) Summary of Crashes. 

Year Number of Crashes 
Crashes per Million 

VMT Access Density 
1993 49 3.44 38.5 
1994 56 4.07 38.5 
1995 51 3.47 38.5 
1996 27 1.90 38.5 
1997 36 2.62 38.5 
1998 36 2.45 38.5 
1999 22 1.78 38.5 
2000 28 1.97 38.5 

 

The crash analysis results from the 31st Street corridor illustrate the impact of low access point 

density on crash rates, since the corridor has a low access density and there is no raised median.   

 

Figure 3-35 shows the location and type of crashes on the 31st Street corridor. 

 

3.11  BROADWAY AVENUE (US 69) (TYLER) CASE STUDY LOCATION 

 

3.11.1  General Description 

 

The Broadway corridor study section is located between Loop 323 and Chimney Rock Road in 

Tyler, Texas.  It is abutted primarily by commercial (retail and office building) development, 

with some single-family residential development backing up to the corridor (but with no 

driveway access).  There is a mix of large-scale and stand-alone retail development on the 

corridor.  The corridor has two distinct segments, the north with a driveway density of 38.1 

access points per mile and the south with a density of 85.37 access points per mile.  Broadway 

currently has three lanes in each direction with a continuous TWLTL, though a raised median 

installation is planned for fiscal year 2005. 
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Figure 3-35.  31st Street (FM 1741) Crash Locations. 
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3.11.2  Crash Analysis 

 

Texas DPS provided the research team with crash reports for each year of the study period.  

Because the two segments have significantly different access densities, the research team 

performed two analyses on this corridor.   

 

3.11.3  Traffic Demand 

 

The overall corridor experienced growth in traffic volumes during the study period.  The south 

segment, between Rieck and Chimney Rock, experienced a higher traffic growth rate than the 

north segment, located between Loop 323 and Rieck.  This situation is likely due to commercial 

growth along the corridor during these years, as well as an overall growth trend in the southern 

Tyler area.  Table 3-31 displays the traffic volumes on each of these two segments for each of 

the study years. 

 

Table 3-31.  Broadway Avenue (US 69) AADT Counts. 

Year Segment AADT (vehicles/day) 
1993 North 30,000 

 South 27,000 
1994 North 30,000 

 South 28,000 
1995 North 35,000 

 South 30,000 
1996 North 32,000 

 South 32,000 
1997 North 33,000 

 South 31,000 
1998 North 39,000 

 South 34,000 
1999 North 39,000 

 South 40,000 
2000 North 39,000 

 South 40,000 
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3.11.4  Crash Analysis Results 

 

The findings on the Broadway corridor were interesting, since the two segments had very similar 

crash rates for most of the study years, as shown in Table 3-32.  This situation exists even though 

the north segment has an access density that is less than half that of the south segment.  The 

overall corridor, a continuous TWLTL, had a higher access density than other similar corridors 

with raised medians. 

 

Table 3-32.  Broadway Avenue (US 69) Corridor Crash Summary. 

Year Segment Number of 
Crashes 

Crashes per 
Million VMT 

Access Density 
(points/mile) 

1993 North 121 13.16 38.10 
 South 36 8.91 85.37 

1994 North 98 10.65 38.10 
 South 53 12.65 85.37 

1995 North 93 8.67 38.10 
 South 38 8.46 85.37 

1996 North 60 6.12 38.10 
 South 36 7.52 85.37 

1997 North 88 8.70 38.10 
 South 46 9.92 85.37 

1998 North 93 7.78 38.10 
 South 41 8.06 85.37 

1999 North 81 6.77 38.10 
 South 38 6.35 85.37 

2000 North 74 6.19 38.10 
 South 37 6.18 85.37 

 

It is noteworthy that the crash rate on the north segment of the Broadway corridor dropped by 

approximately 50 percent (from 13.16 in 1993 to 6.19 in 2000) during the study years.  There 

were no street improvements made; therefore, there is no clear explanation of the reduction in 

the crash rate. 

 

Figure 3-36 shows the locations and types of crashes on the Broadway corridor.  
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Figure 3-36.  Broadway Avenue (US 69) Crash Locations 1993-2000. 
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3.12 42nd STREET (SH 191) (ODESSA) CASE STUDY LOCATION 

 

3.12.1  General Description 

 

The 42nd Street corridor is located in northeast Odessa, Texas, between Dawn Street and East 

Loop 338.  This 2.4-mile corridor is abutted primarily by commercial/retail land uses, with some 

office buildings and a university.  The overall access density for this section of 42nd Street is 40 

access points per mile, but, like several other case studies, it can be divided into two segments.  

The west segment, between Dawn and Tanglewood Lane, is approximately 1.1 miles long and is 

surrounded by fully developed land.  There are some residential streets intersecting this portion 

of the corridor, but very few residential driveways intersect 42nd Street.  There is also a high 

school and a mix of single-lot and large-scale retail development, as well as some office 

buildings.   

 

The east segment, between Tanglewood Lane and East Loop 338, is approximately 1.3 miles 

long and is not completely surrounded by developed land.  Some residential streets intersect 42nd 

Street; however, there are no intersecting residential driveways.  The commercial development 

on this segment is primarily large-scale, including a regional shopping mall and some office 

buildings.  The easternmost portion of this segment is bordered by the University of Texas of the 

Permian Basin on the south side and by undeveloped land partially on the north side. 

 

3.12.2  Crash Analysis 

 

Texas DPS provided the research team with crash reports for the years 1993-2000. 

 

3.12.3  Traffic Demand 

 

As shown in Table 3-33, traffic volumes on the 42nd Street corridor increased during the study 

years.  The eastern segment experienced commercial development and redevelopment during 

this time period, which likely caused the increased volumes.   
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Table 3-33.  42nd Street (SH 191) AADT Counts. 

Year Segment AADT (vehicles/day) 
1993 East 17,600 

 West 30,000 
1994 East 16,500 

 West 29,000 
1995 East 20,000 

 West 29,000 
1996 East 23,000 

 West 32,000 
1997 East 24,000 

 West 35,000 
1998 East 21,000 

 West 34,000 
1999 East 24,000 

 West 36,000 
2000 East 23,000 

 West 36,000 
 

3.12.4  Crash Analysis Results 

 

Crash rates on the two segments of this corridor, as in the other multiple-segment case studies, 

show that one can expect fewer crashes per million VMT when roads have lower access point 

densities.  The eastern portion of the 42nd Street corridor, which has an access density of 27.69 

access points per mile, had consistently lower crash rates for each year of the study period than 

the western portion, which has an access density of 56.36 access points per mile.  For most 

years, the differences in crash rates on the two segments were quite notable.  Table 3-34 displays 

the numbers of crashes and crash rates for both segments of the 42nd Street corridor. 
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Table 3-34.  42nd Street (SH 191) Corridor Crash Summary. 

Year Segment 
Number of 

Crashes 
Crashes per 

Million VMT 
Access Density 
(points/mile) 

1993 East 43 5.15 27.69 
 West 139 11.54 56.36 

1994 East 47 6.00 27.69 
 West 94 8.07 56.36 

1995 East 35 3.69 27.69 
 West 72 6.18 56.36 

1996 East 30 2.75 27.69 
 West 39 3.04 56.36 

1997 East 40 3.51 27.69 
 West 75 5.34 56.36 

1998 East 38 3.81 27.69 
 West 102 7.47 56.36 

1999 East 34 2.99 27.69 
 West 88 6.09 56.36 

2000 East 45 4.12 27.69 
 West 68 4.70 56.36 

 

Figures 3-37 and 3-38 show the locations and types of crashes for the 42nd Street corridor. 

 

3.13  PARK BOULEVARD (PLANO) CASE STUDY LOCATION 

 

3.13.1  General Description 

 

The Park Boulevard corridor is located in Plano, Texas, between Mira Vista on the west and 

Travis on the east, for a length of approximately 2.4 miles.  It has two lanes in each direction, 

with a continuous TWLTL.  The corridor can be divided into three segments, two of which are 

primarily residential, and a third segment, which is primarily commercial.  The westernmost 

segment, between Mira Vista and just west of Ventura, is a 1.0-mile segment surrounded by a 

golf course and residential development, with no driveways intersecting Park Boulevard and an 

access density of 10.00 access points per mile.  The 0.9-mile central segment passes through 

commercial/retail development from just west of Ventura to Ohio Street.  This segment has an 

access density of 38.89 access points per mile, which is the highest of the three Park Boulevard 

segments but is relatively low compared to other roads abutted by commercial development.  
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The east segment is 0.5 miles long and surrounded by residential development, like the west 

segment, also with no driveway intersections on Park Boulevard. 

 

3.13.2  Crash Analysis 

 

Because this road is not on the state-maintained system, Texas DPS did not have crash reports 

available.  The City of Plano provided the research team with summaries of crashes for the study 

years, which included types of crashes and the blocks of Park Boulevard in which they occurred. 

Exact locations were not included; therefore, it was not possible to plot exact crash locations on 

aerial photographs.   

 

3.13.3  Traffic Demand 

 

The research team did not have annual traffic volumes for Park Boulevard, since it is not on the 

state-maintained system and does not have annual counts performed.  Counts on various 

segments of the study section for various years were provided by TxDOT and the City of Plano.  

By studying other traffic counts in the area, researchers estimated AADT for missing years in 

order to ultimately estimate crashes per million VMT.  Traffic volumes did increase on the west 

segment during the study years but was somewhat consistent on the other two segments.  The 

traffic volumes provided, as well as those estimated, are shown in Table 3-35. 
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Figure 3-37.  42nd Street (SH 191) Crash Locations (Western Segment - A) 1993-2001.
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Figure 3-38.  42nd Street (SH 191) Crash Locations (Western Segment - B) 1993-2001. 
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Table 3-35.  Park Boulevard (Plano) AADT Counts. 

Year Segment AADT (vehicles/day) 
1995 West 28,324 

 Central 33,651 
 East 34,337 

1996 West 30,273 
 Central 34,031 
 East 34,337 

1997 West 32,222 
 Central 34,411 
 East 34,337 

1998 West 34,171 
 Central 34,791 
 East 34,337 

1999 West 36,120 
 Central 35,171 
 East 34,337 

2000 West 36,372 
 Central 35,551 
 East 34,337 

2001 West 36,372 
 Central 35,551 
 East 34,337 

2002 West 36,876 
 Central 36,311 
 East 34,337 

 

3.13.4  Crash Analysis Results 

 

As shown in Table 3-36, The Park Boulevard corridor contains segments with the lowest access 

densities of the entire research project.  The west segment has 10.00 access points per mile and 

the east segment has 16.0 access points per mile.  These two segments also have the lowest 

overall crash rates, which follows the findings from other case study corridor segments where 

there are very few access points.  The central segment has a relatively low access density, 

considering it is surrounded by retail development, at 38.89 access points per mile.  While the 

central segment has crash rates that are consistently higher than the other two segments on this 

corridor, its crash rates are lower than most of the retail corridors that have higher access 

densities. 
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Since specific crash locations were not available to the research team, it was not possible to plot 

them in an aerial photograph figure. 

 

Table 3-36.  Park Boulevard (Plano) Crash Summaries. 

Year Segment 
Number of 

Crashes 
Crashes per 

Million VMT 
Access Density 
(points/mile) 

1995 West 26 2.51 10.0 
 Central 88 7.96 38.9 
 East 18 2.87 16.0 

1996 West 23 2.08 10.0 
 Central 79 7.07 38.9 
 East 11 1.76 16.0 

1997 West 21 1.79 10.0 
 Central 83 7.34 38.9 
 East 6 0.96 16.0 

1998 West 17 1.36 10.0 
 Central 92 8.05 38.9 
 East 19 3.03 16.0 

1999 West 21 1.59 10.0 
 Central 79 6.84 38.9 
 East 26 4.15 16.0 

2000 West 22 1.66 10.0 
 Central 60 5.14 38.9 
 East 13 2.07 16.0 

2001 West 14 1.05 10.0 
 Central 68 5.76 38.9 
 East 7 1.12 16.0 

2002 West 22 1.63 10.0 
 Central 54 4.53 38.9 
 East 12 1.91 16.0 

 

3.14  CRASH ANALYSIS SUMMARY AND CONCLUSIONS 

 

The research team studied 11 corridors to determine relationships between crash rates and access 

point densities (driveways and public street intersections), as well as the presence of raised 

medians or two-way left-turn lanes (TWLTLs).  Some corridors had two or more distinct 

segments, each with varying access point densities.  Researchers obtained crash history and 

traffic volumes for each of the corridor segments.  The Texas Department of Public Safety (DPS) 

provided crash reports for each of the corridors that are state-maintained roads.  For the other 
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corridors in Texas, city police departments provided crash information.  The Oklahoma 

Department of Transportation (ODOT) provided crash information for the Tulsa corridor. 

 

3.14.1 Safety Analysis Case Study Results 

 

Qualitative Findings 

 

Crash records were individually investigated for each corridor to identify the number and type of 

crashes.  Traffic volume data were collected for the computation of crash rates.  One beneficial 

illustrative tool was the development of graphics which contained the location and type of crash 

for a given corridor.  The type of crash was shown with the standard ITE crash diagram icons (6) 

in these crash spot maps. 

 

The investigations of this research project demonstrate that crash data format and availability 

vary among agencies.  TxDOT provides relatively consistent crash reports and summaries, from 

which much useful information can be obtained.  When working with off-state-system roads, 

however, one must usually rely on a local city or other entity to provide crash data.  The total 

number of crashes and types of crashes will always provide insightful and fundamental 

information about the safety of a corridor.  However, the consistency and usefulness of locally 

provided data details will make some data more useful than others for analysis.  Of course, the 

authors recognize the typical limitations of crash data (i.e., unreported crashes, erroneous data 

from processing, possible limitations of the report form, and causes of the crashes as described in 

reference 6); however, the results appear to demonstrate some useful relationships regarding 

access point density and crash rates described below. 

 

Quantitative Findings 

 

In the first year of this 2-year project, the most in-depth crash analysis and methodology 

development was performed on the Texas Avenue corridor in College Station, Texas.  

Researchers found that crash rates and severity decreased after the raised median was installed.  

Crash rates reduced from 4.3 to 1.8 crashes per million vehicle-miles of travel (as shown in 
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Table 3-37).  Crashes were reduced by nearly 60 percent after the installation of the raised 

median, and the severity of crashes also were reduced.  Conflict points along the corridor were 

reduced 26 percent. 

 

Table 3-37.  Characteristics and Crash Rate Results for Safety Analysis Case Studies. 

Corridor Segment ADT Range 
Access 

Points/Mile Median Type 

Average 
Crashes per 

Million VMT 
Texas Avenue, College Station, TX 40,000 – 42,000 60 TWLTL (“Before”) 4.3 
Texas Avenue, College Station, TX 38,500 – 43,000 57 Raised (“After”) 1.8 
Loop 281, Longview, TX 20,000 – 27,000 53 TWLTL (“Before”) 5.21 
Loop 281, Longview, TX 20,000 – 27,000 53 Raised (“After”) 4.29 
US 385, Odessa, TX 9,500 – 11,700 50 Undivided (“Before”) 19.57 
US 385, Odessa, TX 9,500 – 11,700 50 Raised (“After”) 15.39 
71st Street (west), Tulsa, OK 20,000 – 24,000 27 Undivided (“Before”) 3.76 
71st Street (west), Tulsa, OK 28,000 – 33,000 27 Raised (“After”) 2.48 
71st Street (west-central), Tulsa, OK 20,000 – 21,000 20 Undivided (“Before”) 3.82 
71st Street (west-central), Tulsa, OK 22,000 – 37,000 20 Raised (“After”) 1.78 
US 380 (west), McKinney, TX 14,700 – 29,000 56 Raised 3.12 
US 380 (east), McKinney, TX 13,500 – 24,000 99 Raised 7.29 
US 377 (west), Fort Worth, TX 18,200 – 21,000 50 Raised 5.92 
US 377 (east), Fort Worth, TX 18,200 – 21,000 110 Raised 8.76 
SH 289, Plano, TX 44,000 – 53,000 30 Raised 4.21 
Park Blvd (west), Plano, TX 28,000 – 37,000 10 Raised 1.71 
Park Blvd (central), Plano, TX 33,000 – 36,000 39 Raised 6.59 
Park Blvd (east), Plano, TX 34,000 – 35,000 16 Raised 2.23 
71st Street (east-central), Tulsa, OK 27,000 – 47,000 33 Raised 3.20 
71st Street (east), Tulsa, OK 25,000 – 51,000 42 Raised 5.17 
FM 1741, Temple, TX 26,000 – 31,000 39 TWLTL 2.71 
US 69 (north), Tyler, TX 30,000 – 39,000 38 TWLTL 8.60 
US 69 (south), Tyler, TX 27,000 – 40,000 85 TWLTL 12.92 
SH 191 (west), Odessa, TX 29,000 – 36,000 56 TWLTL 6.55 
SH 191 (east), Odessa, TX 16,500 – 24,000 28 TWLTL 4.00 
VMT – vehicle-miles of travel 
 
 
Figure 3-39 shows the relationship between the number of access points per mile and the 

associated crash rates along the corridors and/or partial segments of the corridors investigated in 

this study (see Table 3-37).  Figure 3-39 includes all of the test corridors in Table 3-37 except 

US 385 in Odessa (Grant Avenue), which was located in a downtown area and subsequently had 

a distinctly different operational characteristic than the other arterial corridors.  The relationship 

in Figure 3-39 clearly indicates that there is an upward relationship in the crash rate as the 

number of access points per mile increases—irrespective of the median treatment (undivided, 

TWLTL, or raised).  A regression line is shown in Figure 3-39 that yielded an R-squared value 
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of 0.48.  The regression line only explains about half of the variability in the data; however, the 

relationship is clearly upward.  This upward trend is similar to what was found in national 

research in NCHRP Report 420 (5).  The researchers also investigated the relationship between 

the number of access points per mile and crash rate for the raised median projects and for the 

non-raised median corridors separately.  The relationship was still upward, but it was slightly 

steeper with the non-raised median corridors (slope = 0.1225) compared to the raised median 

corridors (slope = 0.0618).  It is intuitive that when the number of conflict points are reduced 

through turn restrictions along a raised median that there is a reduced slope in the relationship 

(i.e., relatively lower crash rates). 
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Figure 3-39.  Relationship between Access Point Density and Crash Rates. 
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Table 3-38 shows a comparison of the crash rates along the corridors where there was a “before” 

and “after” analysis of the crash records performed.  Table 3-38 includes the corridor name, 

ADT after the raised median was installed, the “before” median condition, crash rates before and 

after the median installation, difference in the crash rates, percent difference in the crash rates, 

and the number of access points per mile.  There were five specific corridors, or segments of the 

corridors, studied before and after the raised median installation.  The final row of the table 

compares the average crash rate before and after the raised median installation on all of the 

remaining study corridors shown in Table 3-37.  The result is that there is always a reduction in 

the crash rate due to the installation of the raised median.  The percent reduction ranges from 17 

to 58 percent.  This occurs over a range of access point densities from 20 to 53.  The two 

corridors that went from a TWLTL to a raised median experienced 17 and 58 percent reductions, 

while the two corridors that were previously undivided experienced 34 to 53 percent reductions.  

Finally, the average of all corridors together (final row of Table 3-38) shows an average 

reduction of 31 percent going from either a TWLTL or undivided roadway to a raised median.  

The increased safety of the raised median has also been documented in NCHRP Report 395 (7) 

and NCHRP Report 420 (5). 

 

Table 3-38.  Crash Rate Comparison of Corridors “Before” and 
“After” the Installation of a Raised Median. 

Crash Rate 

Corridor(s) ADT1 

“Before” 
Median 

Type 
“Before” 
Condition 

Raised 
Median 

Absolute 
Difference 

Percent 
Difference 

Access 
Points/Mile

College Station 
(Texas Avenue) 

41,000 TWLTL 4.3 1.8 -2.5 -58 54 

Longview 
(Loop 281) 

23,500 TWLTL 5.2 4.3 -0.9 -17 53 

Tulsa (west) 
(71st Street) 

30,500 Undivided 3.8 2.5 -1.3 -34 27 

Tulsa (west-central) 
(71st Street) 

29,500 Undivided 3.8 1.8 -2.0 -53 20 

Odessa 
(US 385) 

10,600 Undivided 19.6 15.4 -4.2 -21 50 

All Remaining 30,600 Varies 7.0 4.8 -2.2 -31 49 
1ADT is the traffic volume in the “after” condition that has the raised median present. 
2This is a comparison of the average crash rate for all the corridors “before” and “after” the raised median was 
installed.  Note that the “before” condition was typically a TWLTL (refer to Table 3-37). 
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The researchers recognize that oftentimes there are other improvements performed to a corridor 

that can increase their safety in addition to the raised median.  When the raised median was 

installed, there was often a roadway widening.  This can improve safety along the corridor; 

however, the crash rate indicates that for the increased level of travel along the corridor, there 

appears to be an improvement in safety for the corridors studied here. 

 

3.14.2 Safety Analyses 

 

While this project was able to consider several years of data on each of the case study corridors, 

additional studies on these (and other) corridors will provide additional confidence in the 

findings.  It will be useful to identify additional corridors where raised medians are planned or 

where there are plans to change access point densities and begin collecting crash and traffic 

volume data from years prior to the changes.  The access point density changes may come from 

increases due to land development or from decreases due to driveway consolidations or land 

redevelopment. 
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CHAPTER 4 
 

FINDINGS AND DISCUSSION 
 

 

4.1 OPERATIONAL IMPACTS 

 

Although it is a valuable micro-simulation tool, VISSIM is a complicated program with a steep 

learning curve for a new user.  This initial difficulty is primarily due to VISSIM’s numerous 

sophisticated input and output capabilities.  The process of inputting the different types of data 

into the micro-simulation was difficult and time-consuming.  Further, each alternative was run 

several times with visual examination to ensure the corridor was running correctly.  One 

practical observation made by researchers was to remove the background aerial photograph once 

the scale was obtained in the corridor because when running the simulations, it caused the model 

to lock-up numerous times. 

 

VISSIM allows the user to change numerous model inputs and to input the necessary available 

field data, which are both important aspects of the program.  Users can adjust design elements 

such as driveway spacing, number of lanes, speed limits, and right-turn-on-red.  VISSIM also 

allows the user to input signal timing and phases after they are optimized in a separate program 

such as SYNCHRO, which was used in this project.  The optimized timings and phases were 

entered into VISSIM from SYNCHRO, another time-consuming process in alternatives where 

multiple scenarios have multiple signals.  The most time-consuming portion of the process is 

entering all the data into VISSIM and ensuring the corridor is calibrated to field conditions. 

 

VISSIM’s output abilities are just as impressive as the input characteristics.  For this study, 

travel time and delay were analyzed in the case studies and the theoretical corridors.  

Researchers were able to enter the length of time for analysis and the location.  For this project, 

the research team selected a 1-hour time length to symbolize the peak hour. 
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The analysis results for the three case study corridors revealed small differences in travel time 

and delay between the existing (TWLTL) and proposed (raised median) conditions.  The 

proposed future conditions (approximately a 20 percent increase in traffic) resulted in a small 

percent increase in the overall travel time and delay.  The percentage difference in travel time, 

speed, and delay varied for each corridor.  Travel time on the Texas Avenue (Bryan, Texas) 

corridor decreased 11 to 38 percent with the raised median compared to the TWLTL in the future 

condition.  Travel time on the 31st Street (Temple, Texas) corridor increased 3 percent with a 

raised median compared to a TWLTL in the future condition, and on Broadway Avenue (Tyler, 

Texas) travel time increased 2 to 57 percent with the raised median treatment compared to a 

TWLTL in the future.  This resulted in a maximum of a 6 mph decrease in speed due to the 

raised median installation (Tyler) and as much as a 7 mph increase in speed with the raised 

median (Bryan).  These results are summarized in Table 2-18. 

 

The reduction in travel time on Texas Avenue from the future TWLTL to the future raised 

median treatment might be attributed to prohibiting U-turns at a high-volume signalized 

intersection.  This forces vehicles to make U-turns at locations farther along the corridor, at 

uncongested locations.  In effect, this takes less time than waiting for turning traffic in the more 

congested portions of the corridor.  This also allows for more through-movement green time, 

which can be reduced on corridors with high left-turn and U-turn movements.  The increased 

travel times from the future TWLTL to the future installation of raised medians in Temple and 

Tyler are likely due to overall increases in traffic on the corridor, as some U-turning vehicles 

must travel farther to reach their destination.  Increased travel time is also caused by U-turning 

vehicles that must weave across lanes to reach turn bays, which can cause traffic queues.  The U-

turning vehicles are also adding additional traffic on the roadways in the opposite direction of 

their origin.  The additional vehicle-miles of travel (VMT) likely causes travel time and delay to 

increase.  Delay may also increase slightly at the signalized intersections.  As noted previously, 

the percent difference in travel time along the Temple corridor was only about 3 percent when 

comparing the raised median alternative with the most median openings—the alternative most 

effectively handling the corridor turning movements.  It is hypothesized that increasing the 

number of median opening locations could have reduced the percent difference between the 

TWLTL and raised median alternatives to less than 3 percent. 
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The theoretical corridor results also indicate small increases in travel time with the raised median 

treatment compared to the future TWLTL conditions.  The results are presented in Table 2-38.  

Scenario 1 did not have a comparison between a TWLTL and a raised median because the 

driveway spacing was 660 feet, similar to the median openings, so it was essentially the same for 

both median treatments.  Travel time for Scenario 2 (five-lane) increased 2 to 31 percent for the 

raised median compared to the TWLTL, while that for Scenario 2 (seven-lane) increased 8 to 44 

percent with a raised median compared to the TWLTL.  The travel time increase with the raised 

median ranged from 1 to 22 percent in Scenario 3 when compared to the TWLTL.  The reasons 

given for increases in travel time for the case studies are also hypothesized for the theoretical 

corridors as well.  While the percent differences are large in some scenarios, the actual speed 

reduction averages 3 mph across all scenarios and traffic volumes.  These small increases in 

travel time, and subsequent delay, appear to be outweighed by the reduction in the number of 

conflict points and increased safety—another impact analyzed in this study on additional test 

corridors. 

 

4.2 SAFETY IMPACTS 

 

The research team studied 11 corridors to determine relationships between crash rates and access 

point densities (driveways and public street intersections), as well as the presence of raised 

medians or two-way left-turn lanes (TWLTLs).  Crash records were individually investigated for 

each corridor to identify the number and type of crashes.  Traffic volume data were collected for 

the computation of crash rates.  The investigations of this research project demonstrate that crash 

data format and availability vary among agencies.  TxDOT provides relatively consistent crash 

reports and summaries, from which much useful information can be obtained.  When working 

with off-state-system roads, however, one must usually rely on a local city or other entity to 

provide crash data.  The total number of crashes and types of crashes will always provide 

insightful and fundamental information about the safety of a corridor.  However, the consistency 

and usefulness of locally provided data details will make some data more useful than others for 

analysis.  Of course, the authors recognize the typical limitations of crash data (i.e., unreported 

crashes, erroneous data from processing, possible limitations of the report form, and causes of 
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the crashes as described in reference 6); however, the results appear to demonstrate some useful 

relationships regarding access point density and crash rates described below. 

 

Researchers found a relationship between the number of access points per mile and the 

associated crash rates along the corridors and/or partial segments of the corridors investigated in 

this study (see Table 3-38).  The relationship in Figure 3-39 clearly indicates that there is an 

upward relationship in the crash rate as the number of access points per mile increases—

irrespective of the median treatment (undivided, TWLTL, or raised).  The researchers also 

investigated the relationship between the number of access points per mile and crash rate for the 

raised median projects and for the non-raised median corridors separately.  The relationship was 

still upward, but it was slightly steeper with the non-raised median corridors (slope = 0.1225) 

compared to the raised median corridors (slope = 0.0618).  It is intuitive that when the number of 

conflict points are reduced through turn restrictions along a raised median that there is a reduced 

slope in the relationship (i.e., relatively lower crash rates). 

 

Researchers also performed a comparison of the crash rates along the corridors where there was 

a “before” and “after” analysis of the crash records performed.  Table 3-38 shows the results of 

this analysis.  It was found that there is always a reduction in the crash rate due to the installation 

of the raised median.  The percent reduction ranges from 17 to 58 percent.  This occurs over a 

range of access point densities from 20 to 53.  The two corridors that went from a TWLTL to a 

raised median experienced 17 and 58 percent reductions, while the two corridors that were 

previously undivided experienced 34 to 53 percent reductions.  Finally, the average of all 

corridors together (final row of Table 3-38) shows an average reduction of 31 percent going from 

either a TWLTL or undivided roadway to a raised median.  The increased safety of the raised 

median has also been documented in NCHRP Report 395 (7) and NCHRP Report 420 (5). 

 

The researchers recognize that oftentimes there are other improvements performed to a corridor 

that can increase their safety in addition to the raised median.  When the raised median was 

installed, there was often a roadway widening.  This can improve safety along the corridor; 

however, the crash rate indicates that for the increased level of travel along the corridor, there 

appears to be an improvement in safety for the corridors studied here. 
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4.2.1 Crash Data Availability and Reliability 

 

The investigations of this research project demonstrate that crash data format and availability 

vary among agencies.  The Texas Department of Transportation provides relatively consistent 

crash reports and summaries, from which much useful information can be obtained.  When 

working with off-state-system roads, however, one must usually rely on a local city or other 

entity to provide crash data.  The total number of crashes and types of crashes will always 

provide insightful and fundamental information about the safety of a corridor.  However, the 

consistency and usefulness of locally provided data details will make some data more useful than 

others for analysis.  Data provided by other states will vary, as was experienced with the Tulsa, 

Oklahoma, case study.  However, even the basic numbers and types of crashes can provide 

useful information, in addition to the details included in crash reports and summaries. 

 

4.3 FUTURE RESEARCH 

 

4.3.1 Operational Impacts and Micro-simulation Analyses 

 

More research is needed to further identify the impact of access management treatments over a 

range of traffic volumes.  Although this project identified many valuable findings, primarily 

related to the potential implementation of raised medians, combinations of access management 

treatments along a corridor could be further investigated.  For example, the presence of 

acceleration and/or deceleration lanes at heavy driveway or cross-street locations could facilitate 

traffic movement.  Further, along the actual test corridors it is difficult to identify the precise 

origin-destination patterns of vehicles without a costly origin-destination study to identify 

vehicle patterns both within and through the study corridor.  Although costly, it would also be 

valuable to investigate longer corridors with combinations of access management techniques, as 

those provided here were relatively short (0.5 to 1.5 miles). 

 

Implementing an origin-destination (O-D) matrix for vehicle trips is another topic that could be 

further researched.  In the case studies for this project, vehicle origin was used to determine 

likely destinations through assumptions, which were consistent across scenarios.  A matrix was 
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designed in which the vehicle entrance location determined where the vehicle would exit the 

system; however, due to budgetary limitations, the research team did not automate the O-D 

matrix.  Therefore, ensuring the number of vehicles in the corridor was relatively consistent with 

field observations required numerous checks. 

 

The theoretical corridors could also use additional research on the effects of travel time, speed, 

and delay as a consequence of higher traffic volumes.  In the theoretical corridors, the spacing of 

median openings remained constant.  The results of varying the distance of the openings would 

also be of interest. 

 

Finally, it would be preferable if such further analyses could be performed on actual field sites, 

along with a crash analysis on the same site, though finding such sites and performing such data 

collection can be difficult and costly. 

 

4.3.2 Safety Analyses 

 

While this project was able to consider several years of data on each of the case study corridors, 

additional studies on these (and other) corridors will provide additional confidence in the 

findings.  It will be useful to identify additional corridors where raised medians are planned or 

where there are plans to change access point densities and begin collecting crash and traffic 

volume data from years prior to the changes.  The access point density changes may come from 

increases due to land development or from decreases due to driveway consolidations or land 

redevelopment. 
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4.3.3 Combining Micro-simulation and Safety Analyses 

 

To date, analysts have had to review crash reports (if available) for corridors to investigate the 

safety of installed treatments and operational improvements (travel time, speed, and delay) that 

may eventually be investigated through micro-simulation.  Recent research sponsored by the 

Federal Highway Administration (FHWA) has investigated the inclusion of surrogate safety 

measures into micro-simulation (8).  Ultimately, such methods would allow the analyst to obtain 

estimates of safety impacts from transportation alternatives in the same micro-simulation model 

that provides operational performance data.  The FHWA work describes surrogate safety 

measures such as the time-to-collision (TTC) concept.  TTC considers two vehicles with 

eventually crossing trajectories and computes the time that the two vehicles would collide if they 

maintained their current vectors at each time step of the micro-simulation.  A percentage of the 

TTCs under a certain time in seconds for the micro-simulation can be used as a surrogate for 

safety.  The intent is that the TTC would identify the stop-and-go acceleration characteristics that 

might be present for different transportation alternatives—allowing them to be compared from a 

safety perspective.  TTI is in the process of investigating the use of the TTC in the VISSIM 

environment with the micro-simulation test corridors described in this paper.  Proof-of-concept 

and early results of this work are published in two available conference papers (1,2). 
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APPENDIX A 
 

VISSIM 
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VISSIM PROCEDURE 

General Process 

1. Obtain an aerial photograph of the roadway for use as the background in VISSIM. 

2. Obtain roadway geometrics such as the number of lanes, lane widths and driveway widths, 

distance between driveways, length of dedicated turn lanes, etc.   

3. Collect traffic volumes such as mainlane counts, intersection turning movements, and 

driveway volumes and turning movements. 

4. Obtain any intersection signal timings. 

5. Perform floating-car travel time runs from the beginning to the end of the corridor during the 

peak hour.  This information will be used later to calibrate the model. 

a) The peak hour was selected as the hour with the combination of the highest mainlanes, 

intersection, and driveway traffic volumes. 

 

Creating the Network 

1. Input the background into VISSIM. 

a) Scale the drawing using a measurement taken in the field, and save the scale. 

2. Draw links for main roads and driveways. 

a) Make separate links for each segment of roadway.  

b) Do not draw links across intersections—you will connect these with connectors in the 

next step. 

c) Space driveways according to the aerial photograph, if possible.  If not, the distances can 

be scaled off of the field measurements. 

3. Draw connectors. 

a) Connect each of the links across the intersection with connectors. 

b) Connect all right and left turns onto and off of the main road with connectors. 

c) For left-turn connectors onto a multi-lane road, connect the left-turn in the leftmost lane. 
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The following steps should be completed for one driveway at a time until that driveway is 

operating well. 

4. Enter stop signs. 

a) Place stop signs before any connectors. 

5. Enter priority rules. 

a) Use gap times of 3.0 – 4.0 seconds for right-turn movements. 

b) Use gap times of 4.5 – 5.5 seconds for left-turn movements. 

c) Note:  You may have to vary these depending on the roadway widths. 

6. Enter mock traffic volumes. 

a) It is recommended to enter a high volume such as 100 vehicles per hour at each driveway 

so you can see any potential conflicts. 

7. Simulate. 

a) Watch for any collisions. 

b) Update priority rules until there are no collisions. 

8. Move on to the next driveway. 

9. Complete steps 4-7 again. 

 

After all of the driveways are operating without collisions, move on to the following steps. 

 

Change the traffic volumes to the actual volumes. 

1. Use the routing decision tool to direct the vehicles where to go.   

Be careful of putting a routing decision too close to a connector; the vehicle may miss the 

connector and you will receive an error message. 

2. Input traffic signals. 

The traffic signals in VISSIM use National Electrical Manufacturers Association (NEMA) 

phasing.  VISSIM does not have the capability to optimize signal timing.  To optimize the 

signals, you will need to use software such as SYNCHRO, if you have more than one signal. 
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 Highway capacity software could also be used if there is only one signal or there is no 

coordination between the signals. 

3. Evaluations 

VISSIM has the capability to collect data such as average delay, stopped delay, number of 

stops, queue length, travel time, emissions, intersection delay, etc.  You must set up 

parameters during which you want to collect data.  If you want to collect an hour of data, 

researchers recommend simulating from 0-4,500 seconds and collecting from 900-4,500 

seconds.  This will allow time for the network to become saturated with vehicles before the 

data collection begins.  The first case study, Texas Avenue, had a simulation time of 0-3,900 

seconds and collected data from 300 to 3,900 seconds.  It was found that allowing VISSIM to 

saturate for 900 seconds (15 minutes) instead of 300 seconds (5 minutes) created a more 

realistic situation. 

4. Output. 

VISSIM has the capability to determine the following values during simulation—travel time, 

total delay, intersection delay, queue length, number of stops, etc.  See the VISSIM manual 

for a complete description of outputs.  The user must designate what values he/she wants as 

output.  The output is separated into text files that can be easily placed into a spreadsheet to 

evaluate. 

5. Calibration. 

After obtaining the initial output from the model, it is necessary to calibrate the model to 

adequately predict the traffic conditions in the field.  In this step, the floating-car travel time 

data are used.  Compare the average travel times to the travel times output by VISSIM.  If 

there are significant differences in the travel times, changes to the speed distributions in 

VISSIM can be made until the travel times are similar. 
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APPENDIX B 
 

Crash-Reporting Process
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POLICE CRASH REPORT DOCUMENTS 

Figure B-1.  Page 1 of a ST-3, Police Crash Report.
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Figure B-2.  Page 2 of a ST-3, Police Crash Report.
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DPS CRASH REPORT DOCUMENTS 

Figure B-3.  Page 1 of a ST-2, DPS “Blue Form.” 
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Figure B-4.  Page 2 of a ST-2, DPS “Blue Form.”
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OUTLINE OF THE CRASH-REPORTING PROCESS 

1. The police file a report (a blank version of the most recent format of a police crash report, 

ST-3, for the State of Texas is shown in Figures B-1 and B-2). 

2. Local Records 

a) Hard copies are kept on file for approximately two to five years (three years for the 

College Station Police Department; see Figure B-5). 

b) Depending on the size of the police department and the internal desires of the department 

to computerize their crash-reporting system, some departments will code some of the 

information from the crash reports into their own internal database.   

3. The report is shipped within approximately 10 days to the ARB of the DPS.  The sending of 

the records may vary based on the severity of the crash, the investigation required, any 

coding and/or logging filed within the local police department, and any backlogs in the 

overall process at that department. 

4. The ARB receives the crash reports directly from the police department through the federal 

mail system.   

a) In 1997, the DPS began to improve the antiquated crash report filing process.  Currently, 

DPS and TxDOT are combining their efforts to create and fund a new, more automated 

crash-reporting system: the Crash Records Information System.  Ms. Cathy Cioffi is the 

project manager (Figures B-6 and B-7 are a copy of a CRIS newsletter). 

5. The records are processed in an assembly line fashion, with specific people focusing on 

particular sections. 

a) The initial decision is made about whether or not to code a crash to a particular person’s 

driving history (i.e., rear-end = yes, hitting a tree while swerving from an animal = no).   

b) The files are then sorted for further coding/processing. 

i. Before July 1995, all crashes were coded.  Not all crashes are reported.  Hence, 

only reported crashes may be coded, and this limitation should be expressed and 

understood in any study. 
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CRIS NEWSLETTER 

Figure B-6.  Page 1 of a Crash Records Information System (CRIS) Newsletter. 

 

CRIS Project 
Newsletter 

Volume 1, Issue 1 

 

What is CRIS? 
Crash Records Information System 

The crash records information system  (CRIS) project is a joint initiative between the Department 
of Public Safety (DPS) and the Texas Department of Transportation (TxDOT).  The vision of the 
project is to implement a new crash records information system that will provide enhanced 
efficiencies to capture, manage and disseminate timely and accurate data to parties who need it to 
improve the safety of the Texas roadways.   
 
Accident data is used to evaluate the effectiveness of safety programs and obtain funding to 
support traffic safety.  This data is also critical for state and local transportation project planning 
and prioritization, highway and railroad crossing safety evaluation, identification of target areas 
for enhanced law enforcement, and for traffic safety studies.   
 
The system in use today was designed in the 1970’s using technologies available at that time that 
do not meet the needs of DPS, TxDOT or other local and state agencies in 2002. The result is a 
system that is manually intensive and untimely in it’s reporting capabilities.   
 
The CRIS Project includes the redesign of the current accident /crash records system resulting in 
the creation of a new crash records information system.  This may include designing linkages to 
other components of the traffic records system and other systems. 
 
The CRIS project is utilizing the DPS Concurrent Engineering Methodology (CEM) to manage 
and document the project.   A steering committee comprised of DPS and TxDOT stakeholders 
provide guidance. Sponsors for the project are Frank Elder, Assistant Chief-Driver License 
Division, Carol Rawson, Deputy Director-Traffic Operations and Bob Burroughs, Major-Traffic 
Law Enforcement.   
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Figure B-7.  Page 2 of a Crash Records Information System (CRIS) Newsletter. 

 

Currently, we have a vendor conducting a Study & Recommend assisting the CRIS Steering 
Committee in making a solution approach decision.  The vendor will deliver a Findings and 
Recommendation Report in August that will include a recommended solution approach and a cost 
benefit analysis.  
 
The project will take a phased approach to implementation.  A Request for Offer (RFO) for the 
next phase of the project is expected to go out by the end of the 4th quarter 2002. The project is 
expected to move into the design and implementation phase by the end of the 1st quarter 2003.   

The five CRIS process areas and potential technologies are graphically depicted below: 
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Special thanks to Rick Pearson and Tony Zamarripa of the Accident Records Bureau for their 
imagination and creativity in the design of the CRIS project logo. 

 
If you are interested in receiving quarterly CRIS updates or have questions about the project, 
please contact: 
 
Cathy Cioffi 
CRIS Project Manager 
(512) 424-5436 
Catherine.cioffi@txdps.state.tx.us 
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ii. As of July 1995, non-injury crashes that do not result in property damage of 

greater than $1,000 (i.e., tow-away crashes will exceed this and are the usual 

criteria for coding property damage only crashes) are no longer coded.  Also, only 

injured passengers are coded.  Before, all passengers were coded. 

iii. Both coded and non-coded records are stored on microfilm at the same time.  

They are transferred to microfilm after the coding process is complete, and the 

records are uploaded into the DPS mainframe. 

c) Files to be coded will be further classified and numbered. 

i. The coding process is completed using in-house written documents. 

ii. These documents will be sent to another department for input into the DPS 

mainframe database.  CD-ROMs may be made for a particular county for use 

outside of the DPS.  

(1) These CDs are made on request.  The CDs contain the data in a data stream 

format.  This format is impossible to read without the appropriate codebook.  

Furthermore, it is still difficult to read without the proper formatting 

software.  Texas Transportation Institute uses a statistical analysis software 

package, called SAS.  This program converts the data stream into a user-

friendlier format that may be imported into spreadsheet software such as 

Microsoft Excel. 

(2) The format contains column headers, and virtually all of the data are in 

numeric coding that is fairly easy to understand by anyone who has a copy of 

the coding sheets.   

iii. The applicable information is also coded to the driving records of the motorists 

involved in a crash.  A crash is only coded to someone’s personal driving record 

if he/she is at fault and/or that person received a traffic citation. 

d) The coding process is filled with checks and editing. 

i. A double input method is used, whereby two individuals enter the same 

information, and a computer compares the records to find possible errors. 

ii. The computer will only allow certain ranges of information to be entered in 

certain fields to reduce errors.  For example, some entries may only allow text 
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while some may only allow numbers and other entries may only allow one 

number while others allow up to three digits. 

e) Record A contains the summarized crash report information including the location, 

number of vehicles involved, type of crash, orientation, and other information. 

f) Record B contains the driver’s and the vehicle’s descriptive information.   

i. This includes whether the drivers were injured, drunk, and/or considered at-fault. 

ii. The vehicle description comprises vehicle make and model information and 

whether a vehicle defect could be attributed to the crash. 

g) Record C contains only the information for the passengers in the vehicles involved and 

any pedestrians, cyclists, or additional people involved (non-injured passengers are not 

coded, but the total number of people inside each vehicle is listed). 

h) All of the records are kept in the mainframe database, and hard copies of the reports are 

kept on file and organized by county and date in the ARB. 

i. Paper hard copies are transferred to microfilm hard copies and held for 10 years.  

The records are destroyed after 10 years. 

ii. DPS has an internal seven-digit coding system for referencing within the data in 

the mainframe or on CD. 

(1) The DPS coding is reused at the beginning of every new 10-year period. 

(2) The seven-digit code is not used in pulling actual records from the stored 

microfilm filing system. 

(3) The seven-digit code is also coded with the driver’s individual traffic record 

for referencing purposes. 

i) Comments: 

i. The whole process takes approximately 18 months. 

ii. The actual milepost locations are accessed by the use of the roadway inventory 

logbook sheets generated by TxDOT.  The logbook shows the mileposts of cross 

streets and important curb cuts (e.g., a fire station) along a particular roadway. 

iii. The mainframe information is updated when the coding process is complete.  In 

particular, the ARB uses a 13-month system to assess any editing issues 

discovered through the data entry process and to address any additional 

unforeseen delays. 
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iv. There is another form, known as the “blue form,” that may be submitted directly 

to DPS by individuals who were in a crash that was not reported by local law 

enforcement.  A copy of the blue form is shown in Figure B-3.  Depending on the 

crash location, severity, and whether there were any violations involved (i.e., hit-

and-run violation), the local police department may or may not record the crash in 

their own database.  State law puts the responsibility on the drivers involved to 

report the crash and not the police department.  Only crashes on public roadways 

must be reported (e.g., parking lot crashes are not recorded) by motorists. 

v. The information in the database has been used in the past to better plan police 

officer route scheduling to ensure timely response to crash-prone areas. 
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APPENDIX C 
 

Crash Analysis Data 
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SUMMARY CRASH DATA FOR THE TEXAS AVENUE STUDY CORRIDOR 

 

Tables C-1 through C-10 contain the summary of the data collected for the Texas Avenue study 

corridor.  Some clarifying notes for all of the tables are listed below. 

1. The data for 2000 include only crashes through June. 

2. (*) Indicates that the exact time frame for the year in question started in July of that year and 

ran through June of the following year. Consequently, 1998* actually stands for the time 

frame of July 1998 to June of 1999.  

3. The Before category covers January 1993 through December of 1994.   

4. The After category covers July 1998 through June of 2000.   

5. The data for 1993-95 reflect the changes in July 1995, in which the state no longer requires 

PDOs less than $1,000.  

6. The Texas Avenue corridor category indicates the study area from roughly 0.2 miles north 

and south of George Bush Drive along Texas Avenue and includes crashes along George 

Bush Drive that are attributed to the signalized intersection. 

7. Milepost  5.200 to MP 5.900 refers to the roadway section from approximately 500 feet north 

of George Bush Drive to 300 feet south of University Drive along Texas Avenue. 

8. % Change B-C indicates the change from the before period to the construction period. 

9. % Change C-A indicates the change from the construction period to the after period. 

10. % Change B-A indicates the change from the before period to the after period. 
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Table C-1.  Total Crashes. 

Time Period Texas Corridor

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 1,006 228 469 271 

1993 220 42 98 57 

1994 215 60 96 50 

1995 125 40 54 25 

1996 109 23 47 34 

1997 116 22 62 31 

1998 98 16 52 35 

1999 87 20 43 25 

2000 36 5 17 14 

1998* 88 15 48 26 

1999* 90 20 45 27 

Before 435 102 194 107 

Construction 264 50 127 85 

After 178 35 93 53 

%Change B-C -39.3 -51.0 -34.5 -20.6 

%Change C-A -32.6 -30.0 -26.8 -37.6 

%Change B-A -59.1 -65.7 -52.1 -50.5 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-2.  Total People. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 3,303 843 1,533 890 

1993 740 140 345 205 

1994 500 286 345 169 

1995 416 143 186 82 

1996 403 92 68 128 

1997 319 68 181 89 

1998 267 44 137 104 

1999 231 58 113 70 

2000 107 12 56 43 

1998* 221 38 126 67 

1999* 259 60 130 85 

Before 1,240 426 690 374 

Construction 838 175 399 280 

After 480 98 256 152 

%Change B-C -32.4 -58.9 -42.2 -25.1 

%Change C-A -42.7 -44.0 -35.8 -45.7 

%Change B-A -61.3 -77.0 -62.9 -59.4 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-3.  Drivers. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 2300 541 1097 636 

1993 490 94 225 128 

1994 500 145 229 111 

1995 276 94 120 56 

1996 261 57 115 85 

1997 261 52 146 74 

1998 232 40 121 92 

1999 191 48 94 55 

2000 89 11 47 35 

1998* 194 35 110 58 

1999* 210 49 107 66 

Before 990 239 454 239 

Construction 624 123 305 215 

After 404 84 217 124 

%Change B-C -37.0 -48.5 -32.8 -10.0 

%Change C-A -35.3 -31.7 -28.9 -42.3 

%Change B-A -59.2 -64.9 -52.2 -48.1 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-4.  Non-Drivers. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 1003 302 436 254 

1993 250 46 120 77 

1994 320 141 116 58 

1995 140 49 66 26 

1996 142 35 55 43 

1997 58 16 35 15 

1998 35 4 16 12 

1999 40 10 19 15 

2000 18 1 9 8 

1998* 27 3 16 9 

1999* 49 11 23 19 

Before 570 187 236 135 

Construction 214 52 94 65 

After 76 14 39 28 

%Change B-C -62.5 -72.2 -60.2 -51.9 

%Change C-A -64.5 -73.1 -58.5 -56.9 

%Change B-A -86.7 -92.5 -83.5 -79.3 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-5.  Fatalities. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 0 0 0 0 

1993 0 0 0 0 

1994 0 0 0 0 

1995 0 0 0 0 

1996 0 0 0 0 

1997 0 0 0 0 

1998 0 0 0 0 

1999 0 0 0 0 

2000 0 0 0 0 

1998* 0 0 0 0 

1999* 0 0 0 0 

Before 0 0 0 0 

Construction 0 0 0 0 

After 0 0 0 0 

%Change B-C N/A N/A N/A N/A 

%Change C-A N/A N/A N/A N/A 

%Change B-A N/A N/A N/A N/A 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-6a.  Non-Injured Drivers. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 1782 425 835 496 

1993 399 76 176 107 

1994 421 126 187 92 

1995 225 78 96 43 

1996 188 40 84 62 

1997 186 37 102 62 

1998 167 27 88 70 

1999 126 33 62 36 

2000 70 8 40 24 

1998* 137 24 82 40 

1999* 151 33 78 48 

Before 820 202 363 199 

Construction 445 88 215 165 

After 288 57 160 88 

%Change B-C -45.7 -56.4 -40.8 -17.1 

%Change C-A -35.3 -35.2 -25.6 -46.7 

%Change B-A -64.9 -71.8 -55.9 -55.8 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-6b.  Possibly Injured Drivers. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 368 84 190 102 

1993 69 16 34 19 

1994 58 13 32 16 

1995 37 11 19 9 

1996 52 14 24 14 

1997 49 6 30 10 

1998 43 8 24 13 

1999 48 14 23 14 

2000 12 2 4 7 

1998* 40 8 18 12 

1999* 42 14 21 12 

Before 127 29 66 35 

Construction 121 22 66 33 

After 82 22 39 24 

%Change B-C -4.7 -24.1 0.0 -5.7 

%Change C-A -32.2 0.0 -40.9 -27.3 

%Change B-A -35.4 -24.1 -40.9 -31.4 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-6c.  Non-Incapacitated Drivers. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 130 31 61 32 

1993 16 2 10 2 

1994 16 6 8 2 

1995 11 5 3 2 

1996 19 2 6 9 

1997 25 9 13 2 

1998 19 5 9 6 

1999 17 1 9 5 

2000 7 1 3 4 

1998* 17 3 10 6 

1999* 17 2 8 6 

Before 32 8 18 4 

Construction 53 13 22 14 

After 34 5 18 12 

%Change B-C 65.6 62.5 22.2 250.0 

%Change C-A -35.8 -61.5 -18.2 -14.3 

%Change B-A 6.3 -37.5 0.0 200.0 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-6d.  Incapacitated Drivers. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 20 1 11 6 

1993 6 0 5 0 

1994 5 0 2 1 

1995 3 0 2 2 

1996 2 1 1 0 

1997 1 0 1 0 

1998 3 0 0 3 

1999 0 0 0 0 

2000 0 0 0 0 

1998* 0 0 0 0 

1999* 0 0 0 0 

Before 11 0 7 1 

Construction 5 0 2 3 

After 0 0 0 0 

%Change B-C -54.5 N/A -71.4 200.0 

%Change C-A -100.0 N/A -100.0 -100.0 

%Change B-A -100.0 N/A -100.0 -100.0 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-7a.  Non-Injured Non-Drivers. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of  
Texas Avenue & 
University Drive

Total 703 230 294 159 

1993 204 35 97 64 

1994 268 124 94 43 

1995 110 38 52 18 

1996 94 23 38 27 

1997 27 10 13 7 

1998 0 0 0 0 

1999 0 0 0 0 

2000 0 0 0 0 

1998* 0 0 0 0 

1999* 0 0 0 0 

Before 472 159 191 107 

Construction 119 33 51 34 

After 0 0 0 0 

%Change B-C -74.8 -79.2 -73.3 -68.2 

%Change C-A -100.0 -100.0 -100.0 -100.0 

%Change B-A -100.0 -100.0 -100.0 -100.0 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-7b.  Possibly Injured Non-Drivers. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 234 61 109 75 

1993 36 10 18 10 

1994 43 13 18 13 

1995 24 10 10 7 

1996 34 9 12 12 

1997 26 5 17 7 

1998 26 4 12 8 

1999 31 9 16 11 

2000 14 1 6 7 

1998* 20 3 12 7 

1999* 39 10 18 15 

Before 79 23 36 23 

Construction 71 15 32 23 

After 59 13 30 22 

%Change B-C -10.1 -34.8 -11.1 0.0 

%Change C-A -16.9 -13.3 -6.3 -4.3 

%Change B-A -25.3 -43.5 -16.7 -4.3 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-7c.  Non-Incapacitated Non-Drivers. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 56 9 27 17 

1993 9 1 4 3 

1994 7 3 3 1 

1995 2 0 2 0 

1996 14 3 5 4 

1997 4 1 4 1 

1998 8 0 4 3 

1999 8 1 2 4 

2000 4 0 3 1 

1998* 7 0 4 2 

1999* 9 1 4 4 

Before 16 4 7 4 

Construction 22 4 10 7 

After 16 1 8 6 

%Change B-C 37.5 0.0 42.9 75.0 

%Change C-A -27.3 -75.0 -20.0 -14.3 

%Change B-A 0.0 -75.0 14.3 50.0 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-7d.  Incapacitated Non-Drivers. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 10 2 6 3 

1993 1 0 1 0 

1994 2 1 1 1 

1995 4 1 2 1 

1996 0 0 0 0 

1997 1 0 1 0 

1998 1 0 0 1 

1999 1 0 1 0 

2000 0 0 0 0 

1998* 0 0 0 0 

1999* 1 0 1 0 

Before 3 1 2 1 

Construction 2 0 1 1 

After 1 0 1 0 

%Change B-C -33.3 -100.0 -50.0 0.0 

%Change C-A -50.0 N/A 0.0 -100.0 

%Change B-A -66.7 -100.0 -50.0 -100.0 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 

.
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Table C-8a.  Rear-End Crashes. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 631 181 315 198 

1993 137 37 68 37 

1994 145 49 70 39 

1995 73 32 31 17 

1996 64 18 28 25 

1997 69 15 39 24 

1998 60 11 34 25 

1999 58 17 31 18 

2000 25 2 14 13 

1998* 55 10 32 19 

1999* 58 15 33 22 

Before 282 86 138 76 

Construction 162 38 81 63 

After 113 25 65 41 

%Change B-C -42.6 -55.8 -41.3 -17.1 

%Change C-A -30.2 -34.2 -19.8 -34.9 

%Change B-A -59.9 -70.9 -52.9 -46.1 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-8b.  Sideswipe Crashes. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 44 6 13 14 

1993 17 1 1 8 

1994 10 2 5 3 

1995 5 2 1 0 

1996 2 1 1 0 

1997 1 0 0 0 

1998 4 0 2 1 

1999 5 0 3 2 

2000 0 0 0 0 

1998* 7 0 4 2 

1999* 2 0 1 1 

Before 27 3 6 11 

Construction 3 1 1 0 

After 9 0 5 3 

%Change B-C -88.9 -66.7 -83.3 -100.0 

%Change C-A 200.0 -100.0 400.0 N/A 

%Change B-A -66.7 -100.0 -16.7 -72.7 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-8c.  Right-Angle Crashes. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 268 25 115 48 

1993 58 2 25 11 

1994 49 5 17 6 

1995 35 3 17 6 

1996 37 1 16 8 

1997 35 5 19 6 

1998 28 4 13 8 

1999 17 2 6 3 

2000 9 3 2 0 

1998* 20 4 9 4 

1999* 22 4 7 2 

Before 107 7 42 17 

Construction 83 7 40 19 

After 42 8 16 6 

%Change B-C -22.4 0.0 -4.8 11.8 

%Change C-A -49.4 14.3 -60.0 -68.4 

%Change B-A -60.7 14.3 -61.9 -64.7 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-8d.  Head-On Crashes. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 9 2 5 1 

1993 0 0 0 0 

1994 4 2 2 0 

1995 1 0 0 0 

1996 0 0 0 0 

1997 3 0 3 0 

1998 0 0 0 0 

1999 0 0 0 0 

2000 1 0 0 1 

1998* 0 0 0 0 

1999* 1 0 0 1 

Before 4 2 2 0 

Construction 3 0 3 0 

After 1 0 0 1 

%Change B-C -25.0 -100.0 50.0 N/A 

%Change C-A -66.7 N/A -100.0 N/A 

%Change B-A -75.0 -100.0 -100.0 N/A 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-8e.  Single-Vehicle Crashes. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 42 12 17 7 

1993 3 1 2 0 

1994 4 2 1 1 

1995 8 2 4 1 

1996 6 3 2 1 

1997 7 2 1 1 

1998 6 1 3 1 

1999 7 1 3 2 

2000 1 0 1 0 

1998* 6 1 3 1 

1999* 7 1 4 1 

Before 7 3 3 1 

Construction 12 4 2 3 

After 13 2 7 2 

%Change B-C 71.4 33.3 -33.3 200.0 

%Change C-A 8.3 -50.0 250.0 -33.3 

%Change B-A 85.7 -33.3 133.3 100.0 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-8f.  Other Crashes. 

Time Period Texas Corridor 

Intersection of 
Texas Avenue &

George Bush 
Drive 

MP 5.200 
to MP 5.900 

Intersection of 
Texas Avenue & 
University Drive

Total 12 2 4 3 

1993 5 1 2 1 

1994 3 0 1 1 

1995 3 1 1 1 

1996 0 0 0 0 

1997 1 0 0 0 

1998 0 0 0 0 

1999 0 0 0 0 

2000 0 0 0 0 

1998* 0 0 0 0 

1999* 0 0 0 0 

Before 8 1 3 2 

Construction 1 0 0 0 

After 0 0 0 0 

%Change B-C -87.5 -100.0 -100.0 -100.0 

%Change C-A -100.0 N/A N/A N/A 

%Change B-A -100.0 -100.0 -100.0 -100.0 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-9.  Injuries with Respect to Restraint Use for Drivers. 

Time 
Period 

Injury 
Category 

Lap & 
Shoulder Lap Only Shoulder 

Only Airbag None 

Total 919 10 4 7 50 

Non-injury 773 10 1 2 34 

Possible 122 0 1 1 3 

Non-
Incapacitating 20 0 1 4 7 

Before 

Incapacitating 4 0 1 0 6 

Total 351 0 0 35 18 

Non-injury 263 0 0 13 12 

Possible 69 0 0 10 3 

Non-
Incapacitating 19 0 0 12 3 

After 

Incapacitating 0 0 0 0 0 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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Table C-10.  Crash Rates. 

Time frame 
Intersection of  

Texas Avenue & 
George Bush Drive 

MP 5.200 
to MP 5.900 

Intersection of  
Texas Avenue & 
University Drive 

1993 1.9 4,475 2.5 

1994 2.6 4,175 2.2 

1995 1.6 2,192 1.0 

1996 0.9 1,908 1.4 

1997 0.9 2,634 1.3 

1998 0.7 2,499 1.5 

1999 0.8 2,014 1.0 

2000 0.4 1,321 1.0 

1998* 1.2 4,554 2.1 

1999* 1.5 3,823 2.0 

Before 2.2 4,321 2.3 

Construction 1.0 2,693 1.8 

After 0.7 2,084 1.0 

%Change B-C -53.7 -37.7 -25.0 

%Change C-A -33.5 -22.6 -40.8 

%Change B-A -69.3 -51.8 -55.6 

See the other notes at the beginning of this appendix to clarify any of the abbreviations or other marks that are not 
defined here. 
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