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statistic of less than 5 which is considered acceptable, according to La DOTD.  The GEH statistic 

was calculated using the following equation: 

𝐺𝐻 = √
2(𝑚−𝑐)2

𝑚+𝑐
,     Equation 4-1 

where m is the model traffic count in vehicle/hour and c is the observed traffic count in 

vehicles/hour.  See Tables 4.1, 4.2, 4.3, and 4.4 for the calculated GEH Statistic for each vehicle 

route.  

Table 4.1 - GEH Statistics - Highland Rd. at Perkins Rd./Highlandia Dr. 

Highland Rd. at Perkins Rd./Highlandia Dr. 

Origin - Destination 
Traffic Counts GEH 

Statistic Tobserved Tmodel 

Highland Rd. EB - Highland Rd. EB 845 809 1.25 

Highland Rd. EB - Highlandia Rd. SB 19 17 0.47 

Highlandia Dr. NB - Highland Rd. EB 180 195 1.10 

Highlandia Dr. NB - Highlandia Dr. NB 33 41 1.32 

Highlandia Dr. NB - Highland Rd. WB 32 31 0.18 

Perkins Rd. SB - Highland Rd. EB 519 492 1.20 

Perkins Rd. SB - Perkins Rd. SB 27 33 1.10 

Perkins Rd. SB - Highland Rd. WB 49 50 0.14 

Highland Rd. EB - Perkins Rd. NB 16 17 0.25 

Highland Rd. EB - Highland Rd. WB 29 17 2.50 

Highland Rd. WB - Perkins Rd. NB 227 196 2.13 

Highland Rd. WB - Highland Rd. WB 697 634 2.44 

Highland Rd. WB - Highland Rd. EB 3 4 0.53 

Highland Rd. WB - Highlandia Dr. SB 144 121 2.00 
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Table 4.2 - GEH Statistics - Highland Rd. at I-10 Eastbound Ramps 

Highland Rd. at I-10 Eastbound Ramps 

Origin - Destination 
Traffic Counts GEH 

Statistic Tobserved Tmodel 

Highland Rd. EB - I-10 EB On Ramp 560 558 0.08 

Highland Rd. EB - Highland Rd. EB 987 944 1.38 

I-10 EB Off Ramp - I-10 EB On Ramp 2 1 0.82 

I-10 EB Off Ramp - Highland Rd. EB 992 980 0.38 

I-10 EB Off Ramp - Highland Rd. WB 134 125 0.79 

Highland Rd. WB - I-10 EB On Ramp 218 210 0.55 

Highland Rd. WB - Highland Rd. WB 937 834 3.46 

 

Table 4.3 - GEH Statistics - Highland Rd. at I-10 Westbound Ramps 

Highland Rd. at I-10 Westbound Ramps 

Origin - Destination 
Traffic Counts GEH 

Statistic Tobserved Tmodel 

I-10 WB Off Ramp - I-10 WB On Ramp 4 2 1.15 

I-10 WB Off Ramp - Highland Rd. WB 259 215 2.86 

Highland Rd. EB - I-10 WB On Ramp 197 258 4.04 

Highland Rd. EB - Highland Rd. EB 1782 1665 2.82 

Highland Rd. WB - Highland Rd. WB 896 827 2.35 

Highland Rd. WB - I-10 WB On Ramp 307.5 314 0.37 

Highland Rd. WB - I-10 WB On Ramp 307.5 307 0.03 

I-10 WB Off Ramp - Highland Rd. EB 412 369 2.18 
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Table 4.4 - GEH Statistics - Highland Rd. at Perkins Rd. East 

Highland Rd. at Perkins Rd. East 

Origin - Destination 
Traffic Counts GEH 

Statistic Tobserved Tmodel 

Highland Rd. WB - Perkins Rd. E NB 6 5 0.43 

Highland Rd. WB - Highland Rd. WB 1018 981 1.17 

Perkins Rd. E NB - Perkins Rd. E NB 22 20 0.44 

Perkins Rd. E NB - Highland Rd. WB 394 375 0.97 

Highland Rd. EB - Highland Rd. EB 1197 1123 2.17 

Highland Rd. EB - Perkins Rd. E SB 896 818 2.66 

Perkins Rd. E SB - Perkins Rd. E SB 56 58 0.26 

Perkins Rd. E SB - Highland Rd. WB 99 95 0.41 

Perkins Rd. E SB - Highland Rd. EB 60 55 0.66 

Highland Rd. EB - Perkins Rd. E NB 101 89 1.23 

Highland Rd. WB - Perkins Rd. E SB 204 188 1.14 

Perkins Rd. E NB - Highland Rd. EB 102 92 1.02 

 

4.3 Alternative 2 – Partial Two-Lane Roundabout 

The second alternative consisted of replacing the existing signalized intersections with 

partial two-lane roundabouts.  The intersections of Highland Road at Perkins Road and Highland 

Road at Perkins Road East were replaced with partial-two lane roundabouts and the intersection 

of Highland Road at I-10 eastbound and Highland Road at I-10 westbound were replaced with 

double lane roundabouts.  The model used for the existing corridor (alternative 1) was copied 

and edited for the second alternative.  The aerial image, previously used as the background for 

alternative 1 was loaded into Microstation and the roundabouts were designed graphically over 

the image.  This image was loaded back into VISSIM and used as a template to edit the links and 

connectors for the second alternative.  The existing lane widths were the same as the previous 

alternative with the addition of the circulatory lane widths.  The circulatory lane widths were 

designed as 15’, as recommended by the La DOTD.  Figure 4.6 shows the VISSIM network for 

alternative 2. 
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Figure 4.6 - Overview of VISSIM network for Alternative 2 

The signal heads, conflict areas, priority rules, reduced speed areas, and stop signs from 

alternative 1 were removed from the model.  The vehicle inputs, vehicle compositions, and 

turning movements were the same as alternative 1.  The vehicle routing decisions were rerouted 

using the circulatory roadway, when applicable.  The La DOTD Engineering Directives and 

Standards Manual (EDSM) on Roundabout Design recommends a 15 mph design speed for 

roundabouts.  A desired speed distribution with a 15 mph midpoint was created and desired 

speed decision was placed before the entrance of the circulatory roadway.  Reduced speed areas 

with a 15 mph speed distribution were placed on the apex of each approach lane.  Reduced speed 

areas were also placed on the connectors for the left-turns and slip lanes.  At the suggestion of 
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previous research, priority rules were used instead of conflict areas to give right-of-way to the 

circulatory roadway.  See Figure 4.7 for the illustration of the priority rules at each intersection.   

 

Figure 4.7 - Example of Priority Rule for Alternative 2 

Conflict areas were placed on right turns to give right-of-way to the main roadway.  The nodes 

from alternative 1 were the same for this alternative and the travel time measurements were 

placed at the same starting and ending locations, but were rerouted due to the edits to the links 

and connectors.  The simulation period was the same as the alternative 1 and the performance 

measures were also the same ones used in the previous alternative. 

4.4 Alternative 3 – Partial Three-lane Roundabout 

The third alternative consisted of adding a third lane along Highland Road eastbound from I-

10 eastbound to Perkins Road East.  The model from alternative 2 was copied and edited for the 

third alternative.  The lane widths were the same as the previous alternative. The additional 

circulatory lane width was 15’, as recommended by the La DOTD, and the additional through 

Conflict Marker 

Stop Line 
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lane width was 12’.   All of the other VISSIM object placed, such as priority rules, nodes, vehicle 

travel time measurements, and desired speed decisions were the same as alternative 2.  The 

simulation period and data collection time were same as alternative 2 and alternative 3.  Figure 

4.8 shows the VISSIM network for alternative 3. 

 

Figure 4.8 - Overview of VISSIM network for Alternative 3 
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5. Results and Discussion 

The average vehicle travel time and the average delay per vehicle for each vehicle route 

were collected by the vehicle travel time measurements and nodes, respectively.  VISSIM 

computes the average vehicle travel time as the average real travel time of all vehicles that have 

completed the specified travel time route.  Average vehicle delay is computed for each vehicle 

route and is defined as the difference between the actual vehicle travel time and the desired 

vehicle travel time.  The calculation starts from when the vehicle crosses the node barrier on the 

approach and ends when the vehicle crosses the node barrier exiting the intersection.  The total 

delay was calculated for each alternative and divided by the total number of vehicles to achieve 

the average delay per vehicle for each alternative.  The total delay was calculated for each 

intersection for all of the alternatives and divided by the total number of vehicles counted by 

VISSIM at each intersection to achieve the average delay per vehicle for each intersection.  

5.1 Average Vehicle Travel Time 

The average vehicle travel times for alternative 1, 2, and 3 for each route are shown in 

Figure 5.1 and are located in Appendix E.  

The results from the vehicle travel time measurement illustrated that alternative 1, the 

existing signalized corridor, resulted in considerably higher average vehicle travel times as 

compared to the average vehicle travel times for alternative 2 for the following vehicle routes: 

Highland Road eastbound to Highland Road eastbound and Perkins Road southbound to 

Highland Road eastbound.  The average vehicle travel time for alternative 2 was higher than 

alternative 1 for the I-10 eastbound exit ramp to Highland Road route.  The average vehicle 

travel time results for alternative 2 as compared to alternative 3 were considerably higher for the 
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Figure 5.1 - Vehicle Travel Time 

following vehicle routes: I-10 eastbound exit ramp to Highland Road eastbound and I-10 

westbound exit ramp to Highland Road eastbound.  The remainder of the routes had comparable 

average vehicle travel times for alternative 2 and 3. 

5.2 Average Delay 

The average delay per vehicle for each alternative is shown in Figure 5.2 and the average 

delay per vehicle at each intersection for each alternative is shown in Figure 5.3.  The results are 

located in Appendix E. 
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Figure 5.2 - Average Delay per Vehicle for Each Alternative 

 

Figure 5.3 - Average Delay per Vehicle at Each Intersection 
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The average delay per vehicle was reduced by approximately 46 percent and by 

approximately 71 percent from alternative 1 to alternative 2 and from alternative 1 to alternative 

3, respectively.  The average delay per vehicle was reduced by 46 percent from alternative 2 to 

alternative 3.  The results for the average delay per vehicle at the intersections of Highland Road 

at Perkins Road and Highland Road at Perkins Road East showed that alternative 2 resulted in a 

reduction of over 70 percent from alternative 1.  However, the average delay per vehicle at the 

intersections of Highland Road at I-10 eastbound and Highland Road at I-10 westbound were not 

as substantial.  The average delay per vehicle was reduced by 28 percent and 15 percent from 

alternative 1 to alternative 2 for the Highland Road at I-10 eastbound and Highland Road at I-10 

westbound intersections, respectively.  The average delay per vehicle for alternative 3 was lower 

than the other two alternatives for all intersections except for the intersection of Highland Road 

at Perkins Road East, where it was slightly higher than alternative 2. 

5.3 Statistical Analysis 

The average vehicle delay for each alternative corridor and the average vehicle delay at each 

intersection for each alternative were uploaded in to SAS Enterprise Guide 6.1 (SAS).  The 

average vehicle travel time results were not analyzed in SAS due to the inadequate sample size.  

The average vehicle delay results from VISSIM only contained the average and not the 

individual vehicle travel times.  

Using SAS the analysis of variance (ANOVA) test will be used to compare the alternatives.  

ANOVA is a statistical design which compares the means of two or more distributions and 

determines whether or not the means are statistically significant.  In this case the average vehicle 

delay for the alternative corridor and average vehicle delay for each intersection will be 

analyzed. 
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It was hypothesized that the average vehicle delay for each alternative and the average delay 

at each intersection would be less for alternative 2 and 3 than alternative 1.  The hypotheses that 

were tested for each intersection and for the entire corridor were the following: 

H0: There was no difference in average delay among all three corridors 

H1: The average delay for the alternative corridors were less than the existing corridor 

5.3.1 Analysis of Each Alternative Corridor 

First, the ANOVA analysis involved analyzing the average delay for each alternative 

corridor.  The Levene’s test was used to test for the homogeneity of the variances.  The result of 

the test of homogeneity of the variances was p=0.1183.  The outcome yielded that the variances 

were not statistically significant at a five percent level of significance and the assumption of 

homogeneity was met.  

The F-test in ANOVA tested the overall significance of the model.  The results of this test 

were F(2,118) = 5.60, p=0.0048, meaning that the effect of the independent variable, the 

different corridors, is statistically significant at a five percent level of significance. 

At the recommendation of the previous research and the SAS Enterprise Guide manual, the 

Ryan-Einot-Gabriel-Welsch Mutiple Range post hoc test was used to test for which alternative 

corridors’ means are statistically significant and which are not.  Alternative corridors with the 

same letter indicate that the results from VISSIM are not statistically significant.  The results 

from this test indicated that alternatives 1 and 3 were statistically significant, but alternative 1 

was not statistically significant from alternatives 2 and 3.  Table 5.1 shows the results from the 

Ryan-Einot-Gabriel-Welsch Multiple Range test. 
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Table 5.1 - Ryan-Einot-Gabriel-Welsch Multiple Range Test for Each Alternative 

Ryan-Einot-Gabriel-Welsch Multiple 

Range Test for the  Average Delay for 

Each Alternative 

REGWQ Grouping Alternative 

  A 1 

B A 2 

B   3 

 

5.3.2 Analysis of Each Intersection 

The average delay at each intersection was analyzed for all three alternatives.  The 

intersections were labeled A-D, with A referring to Highland Road at Perkins Road, B referring 

to Highland Road at I-10 eastbound, C referring to Highland Road at I-10 westbound, and D 

referring to Highland Road at Perkins Road East.  The result for the test for homogeneity for 

intersection A weas p=0.1561 and revealed that the assumption of homogeneity was met.  This 

meaning that the variances for intersection A were not statistically significant at a level of 

significance of 5 percent.  

The F-test for intersection A in ANOVA returned the following results: F (2,39) = 6.33, 

p=0.0042.  The results showed that variable intersection A is statistically significant at a level of 

significance of five percent. 

The results from the Ryan-Einot-Gabriel-Welsch Multiple Range test showed that the 

intersection of Highland Road at Perkins Road was statistically significant for alternative 1 as 

compared to alternatives 1 and 2, but alternatives 2 and 3 were not statistically significant.  See 

Table 5.2 for the results from the Ryan-Einot-Gabriel-Welsch Multiple Range test for 

Intersection A, Highland Road at Perkins Road. 
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Table 5.2 - Ryan-Einot-Gabriel-Welsch Multiple Range Test (Intersection A) 

Ryan-Einot-Gabriel-Welsch Multiple 

Range Test for the  Average Delay for 

Intersection A 

REGWQ Grouping Alternative 

  A 1 

B   2 

B   3 

 

The result for the test for homogeneity for intersection B was p=0.0358.  The assumption 

of homogeneity was not met and the variances were statistically significant at a level of 

significance of five percent.  A log transformation was used to achieve homogeneity of variances 

before proceeding with further tests.  The test of homogeneity was met for a level of significance 

of five percent after the log transformation was used.  The result for the test of homogeneity after 

the log transformation was performed was p=0.1367.   

The F-test for intersection B in ANOVA returned the following results: F (2,18) = 1.33, 

p=0.2898.  The results showed that the variable intersection B was not statistically significant for 

a five percent significance level. 

The results from the Ryan-Einot-Gabriel-Welsch Multiple Range test showed that the 

intersection of Highland Road at I-10 eastbound was not statistically significant for all three 

alternatives, which confirmed the results from the F-test.  See Table 5.3 for the results from the 

Ryan-Einot-Gabriel-Welsch Multiple Range test for Intersection B, Highland Road at I-10 

eastbound. 
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Table 5.3 - The Ryan-Einot-Gabriel-Welsch Multiple Range Test (Intersection B) 

Ryan-Einot-Gabriel-Welsch Multiple 

Range Test for the  Average Delay for 

Intersection B 

REGWQ Grouping Alternative 

  A 1 

  A 2 

  A 3 

 

The result for the test for homogeneity for intersection C was p=0.0935.  The assumption 

of homogeneity was met and the variances were not statistically significant at a level of 

significance of five percent. 

The F-test for intersection C in ANOVA returned the following results: F (2,19) = 0.64, 

p=0.5373.  The results showed that variable intersection C was not statistically significant for a 

five percent level of significance. 

The results from the Ryan-Einot-Gabriel-Welsch Multiple Range test for Intersection C 

showed that the intersection of Highland Road at I-10 westbound is not statistically significant 

for all three alternatives, which confirmed the F-test for intersection C.  See Table 5.4 for the 

results from the Ryan-Einot-Gabriel-Welsch Multiple Range test for Intersection C, Highland 

Road at I-10 westbound. 

Table 5.4 - The Ryan-Einot-Gabriel-Welsch Multiple Range Test (Intersection C) 

Ryan-Einot-Gabriel-Welsch Multiple 

Range Test for the  Average Delay for 

Intersection C 

REGWQ Grouping Alternative 

  A 1 

  A 2 

  A 3 
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The result for the test for homogeneity for intersection D, Highland Road at Perkins Road 

East, indicated that the test for homogeneity was not met.  The result of the test of homogeneity 

of the variances was p=0.0063.  The outcome yielded that the variances were statistically 

significant at a five percent level of significance.  A log transformation was used to achieve 

homogeneity of variances before proceeding with further tests.  The test of homogeneity was met 

for a level of significance of five percent after the log transformation was used.  The result for 

the test of homogeneity after the log transformation was performed was p=0.8218.   

The F-test for intersection D in ANOVA returned the following results: F (2,33) = 8.39, 

p=0.0011.  The test showed that the variable intersection D was statistically significant for a five 

percent level of significance. 

The results from the Ryan-Einot-Gabriel-Welsch Multiple Range test showed that the 

intersection of Highland Road at Perkins Road East was statistically significant for alternative 1, 

but alternatives 2 and 3 were not statistically significant, which was the same as intersection A.  

See Table 5.5 for the results from the Ryan-Einot-Gabriel-Welsch Multiple range test for 

Intersection D, Highland Road at Perkins Road East. 

Table 5.5 - The Ryan-Einot-Gabriel-Welsch Multiple Range Test (Intersection D) 

Ryan-Einot-Gabriel-Welsch Multiple 

Range Test for the  Average Delay for 

Intersection D 

REGWQ Grouping Alternative 

  A 1 

B   2 

B   3 
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6. Conclusions and Recommendations

While roundabouts are becoming increasing popular alternatives to conventional intersection 

designs, it is important to test and evaluate each intersection before expending large monetary 

amounts to install roundabouts. Varying volumes and different lane configurations on the 

approaches of each intersection can affect how well roundabouts will operate once installed. 

From the VISSIM results, it was concluded that the partial two-lane roundabout corridor, 

alternative 2, is an improvement over alternative 1.  The average vehicle travel time was lower 

for all but one of the vehicle routes tested and the average delay per vehicle at each intersection 

was lower for all of the intersections.  The partial two-lane roundabout corridor did not, however, 

provide a significant benefit over the existing signalized intersections of Highland Rd. at I-10 

eastbound and Highland at I-10 westbound.  This could be due to the higher traffic volumes and 

the traffic volume configuration entering the intersections and circulating around the roundabout 

at these intersections.  The traffic volume entering the intersections on the approaches of 

Highland Rd. westbound at the I-10 eastbound intersection and Highland Rd eastbound at the I-

10 westbound intersection do not have a conflicting circulatory traffic volume.  A conflicting 

circulatory traffic volume would force the vehicles on these approaches to stop and therefore, 

create gaps in the traffic volumes to allow the exit ramps to enter the circulatory roadway.  This 

configuration does not create enough gaps for the exit ramps from the interstate to enter the 

circulatory roadway and is biased towards the main through routes, Highland Road eastbound 

and Highland Road westbound. 

The partial three-lane roundabout corridor, alternative 3, provided the lowest overall average 

vehicle travel time and average delay per vehicle.  It was concluded that the partial three-lane 

roundabout corridor, alternative 3, did not reach the capacity for the traffic volumes tested due to 
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the additional circulatory lane and through lane on Highland Rd. eastbound from I-10 eastbound 

to Perkins Road East.  An additional corridor improving the existing signalized corridor with 

added capacity should be evaluated and compared to alternative 3. 

It was concluded from the statistical analysis that the roundabout alternatives did not provide 

a significant advantage over the existing signalized corridor for the intersections of Highland 

Road at I-10 eastbound and Highland Road at I-10 westbound due to not being able to 

statistically differentiate between the alternatives for a five percent level of significance.  The 

statistical analysis results indicated that alternative 3 was statistically significant from the 

existing signalized corridor at the intersections of Highland Road at Perkins Road and Highland 

Road at Perkins Road East at a five percent level of significance, confirming that alternative 3 

provided a benefit over the signalized corridor at these intersections.  

An additional outcome of the study showed that VISSIM and SAS are useful packages to 

evaluate roundabouts. The flexibility of VISSIM showed how the corridors can model site 

characteristics and that many measures of effectiveness are available from the software. SAS 

evaluated the results from VISSIM and provided a quantitative method to analyze the results and 

state conclusions within a certain level of confidence. 

Recommendations include collecting traffic counts which take into consideration the 

demand instead of the capacity.  Demand counts consider the vehicles that arrived at the 

approach, but were not able to get through the intersection. The simulation results from the 

existing corridor should also be validated with data collected at the time the traffic data was 

collected, using procedures such as floating car runs. The average travel time from the floating 

car runs could then be compared to the model predictions as another way to validate the existing 


