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Introduction 

 

The westbound streets of Mill, Montgomery, Harrison and Hall that intersect SW 

Broadway Street are the areas of interest for this project.  During peak hours of pedestrian 

and vehicle traffic flow the number of vehicles that are able to turn left onto Broadway 

becomes limited by the amount of pedestrians crossing Broadway.  This causes a queue 

to build on the westbound approaches to Broadway if the vehicles are unable to clear the 

intersection.  There is a concern of safety for the pedestrians experiencing illegal 

maneuvers by the vehicles turning left onto Broadway and efficiency of the intersection 

for the vehicles.  The project was to determine whether the four intersections had a need 

for the proposed solution.   

The proposed improvements by the client, the manager of transportation and 

parking at Portland State University, Dan Zalkow, involves adding a third phase to the 

cycle at the four intersections.  Phase one allows movement for southbound traffic along 

Broadway through the intersections.  The second phase introduces a protected left turn 

signal onto Broadway from the four westbound streets mentioned above.  This cycle 

allows bikes along Broadway to move through the intersection southbound while the 

westbound lanes have a protected left turn which would be accomplished by installing a 

bike signal.  The third phase would be an all red phase.  This phase would allow 

pedestrians to cross the intersection in all directions.  

Field data was collected for each intersection at noon and 5:00 pm to observe the 

affects of peak pedestrian and vehicle flow.  The data collected was to determine the 

queue lengths for 30 cycles of the four westbound approaches turning left onto Broadway 

during the peak hours of interest. 

Enclosed in the report is the methodology used for collecting the data for the four 

intersections as well as the results obtained for queue lengths for the westbound 

approaches turning left on Broadway.  The data gathered is presented visually with the 

use of graphs.  Using the data to analyze the westbound approach for the intersections it 

can be determine if the proposed solution should be implemented for the four 

intersections.  

 

Data Collection Method 

 

 The method for collecting data was based on the starting queue, ending queue, 

legal left turns, turns made on a red light and illegal left turns.  Illegal left turns were 

marked as per Oregon statute 811.360
1
. 

                                                 
1
 SECTION 2.  

(1) The driver of a vehicle commits the offense of failure to stop and remain stopped for a pedestrian if the driver does not stop and remain 

        stopped for a pedestrian when the pedestrian is: 

    (a) Proceeding in accordance with a traffic control device as provided under ORS 814.010 or crossing the roadway in a crosswalk, as defined in ORS 

       801.220; and 

    (b) In any of the following locations: 

       (A) In the lane in which the driverôs vehicle is traveling; 

       (B) In a lane adjacent to the lane in which the driverôs vehicle is traveling; 

       (C) In the lane into which the driverôs vehicle is turning; 

       (D) In a lane adjacent to the lane into which the driverôs vehicle is turning, if the driver is making a turn at an intersection that  does not have a traffic 

              control device under which a pedestrian may proceed as provided under ORS 814.010; or 
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 For simplicity of the model the illegal and left turns on red were grouped together 

in the same category representing a conflict.  Data collection was performed on each 

intersection twice; once around lunch time and another during the peak traffic time.  We 

also recorded the red, green and cycle length times for analysis.  Appendix A contains a 

sample of the data collection sheet. 

 

Results 

 The plots of the results from Broadway and Hall can be observed in Figure 1.2.  

Looking at figure 1.2 it can be seen that the afternoon rush hour time is the most critical 

time for this intersection.  During the rush hour there were 46 legal left turns recorded 

and 44 red and illegal left turns.    

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2 Results from Broadway and Hall, where the number of legal turns are 

compared to the number of illegal turns. 

 

 The plots of the results from Broadway and Harrison can be observed in Figure 

1.3.  It can be observed that this intersection is critical during both rush hour and the 

lunch hour.  From the plots we see that the number of red and illegal left turns is higher at 

both times then legal left turns.  From the data collected there were 49 red and illegal left 

turns at lunch hour and 59 during rush hour.  There were 39 legal left turns during lunch 

and 56 during rush hour.   

 

 

 

 

                                                                                                                                                 
       Continued in foot note on the bottom of the next page 

(E) Less than six feet from the lane into which the driverôs vehicle is turning, if the driver is making a turn at an intersection that has a traffic control 

              device under which a pedestrian may proceed as provided under ORS 814.010. 

(2) For the purpose of this section, a bicycle lane or the part of a roadway where a vehicle stops, stands or parks that is adjacent to a lane of travel is 

       considered to be part of that adjacent lane of travel. 

(3) This section does not require a driver to stop and remain stopped for a pedestrian under any of the following circumstances: 

    (a) Upon a roadway with a safety island, if the driver is proceeding along the half of the roadway on the far side of the safety island from the pedestrian; or 

    (b) Where a pedestrian tunnel or overhead crossing has been provided at or near a crosswalk. 

(4) The offense described in this section, failure to stop and remain stopped for a pedestrian, is a Class B traffic violation. 
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Figure 1.3 Results from Broadway and Harrison, where the number of legal turns are 

compared to the number of illegal turns. 

 

The queue length seemed to be a problem at the Broadway and Harrison 

intersection as well.  The start queue was taken when the Broadway signal turned red and 

the ending queue was recorded when the Broadway signal turned green.  The ending 

queue didnôt go to zero very often and for the most part the ending queue was higher then 

the starting queue.  Figure 1.4 shows the queue lengths from the Broadway and Harrison 

Intersection at 12:00 p.m. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.4 Displays the ending queue vs. the starting queue at each cycle during 

the lunch time analysis period. 

 

 The third intersection analyzed was Broadway and Montgomery, the data from 

this intersection can be observed in Figure 1.5.  From the data collected this intersection 

has very low volumes of traffic flow during the two analysis periods.   
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Figure 1.5 Results from Broadway and Montgomery, where the number of legal turns are 

compared to the number of illegal turns. 

 

 The Final intersection that was analyzed in this project was Broadway and Mill.  

Looking at figure 1.6 this intersection experiences significantly more traffic then 

Broadway and Montgomery.  However, despite the increase in use, the red and illegal left 

turns are relatively low compared to the other intersections.  This is not a main pedestrian 

street on campus which reduces the driver-pedestrian conflicts.   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.6 Results from Broadway and Mill, where the number of legal turns are 

compared to the number of illegal turns. 

 

Analysis 

 

After preliminary data was analyzed, the intersections of Hall, Mill and 

Montgomery were not found to demonstrate a significant conflict between pedestrian and 

motor vehicle traffic.  End Queues formed, but cleared quickly within a few cycles. The 

intersection of Harrison and Broadway poses a significant danger to both pedestrians and 

vehicles.  As a main outlet for vehicles exiting Parking Structure 1 bound for the 
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freeways, queue lengths grew fast and were consistently shown to reach the block 

maximum of 8 vehicles.  Upon observation, it is clear that the stop sign controlling the 

traffic movements currently off of Harrison is a main contributor to the congestion. Two 

main sources of concern were observed: 

 The first concern is drivers are not recognizing that the Broadway movement has 

the red and Harrison has the right of way.  Drivers are thus under utilizing the full 

effective green, and enabling the maximum potential queue dispersion. Once drivers 

realize that Harrison has the right of way, with or without pedestrian interference, each 

vehicle must come to a complete stop at the stop sign before turning on Broadway, 

further adding to lost time. 

 The second concern developed as a result of the long end queue length.  Drivers 

were seen becoming agitated and bolder. Drivers were required to pull up passed the stop 

sign to see clearly passed parked vehicles on Broadway to oncoming traffic.  This 

resulted in multiple observed unsafe illegal maneuvers and near collisions. This agitation 

and confusion caused by the stop sign resulted in pedestrian traffic interaction as well.  

Drivers were overly focused looking for nonexistent oncoming traffic during their green 

time and as a result overlooking pedestrians entering the cross walk. 

 

Conclusion 

 

To solve the conflict at the Harrison Broadway intersection, multiple solutions 

were examined: 

 As observed from the other analyzed intersections, a flashing or full signal 

elevates a majority of the confusion.  At these signalized intersection, drivers were seen 

to be much more observant of the pedestrians due to the fact that they are not worried 

about oncoming traffic.  Another benefit in the signalized intersection is when a gap in 

pedestrians crossing the south crosswalk occurs, more cars are able to utilize the gap and 

pass through onto Broadway, not having to stop at any sign.   

 A three phase light was examined as a possibility to alleviate the conflict. First a 

designated pedestrian only phase was examined followed by a car only phase.  In theory, 

if there is ample green time, this will allow the major herd of pedestrians to cross the 

street first, and then allow only cars to utilize the intersection increasing the number of 

cars passing through.  Broadwayôs signals are synchronized so the allocated green length 

must remain unchanged.  As shown in the calculation, the required minimum pedestrian 

only safe crossing time was calculated to be 18.6 seconds (see Appendix B).  This leaves 

only 2 seconds for cars to turn left.  As peak pedestrian crossing was found to be 20 

minutes every two hours, this option would cause unnecessary delay for vehicles for the 

majority of the day other than peak hours. 

 The alternative is to have only a pedestrian lead time in the three phase system.  

Programming the lead time into the Harrison signal would be an inexpensive addition 

after a light is put into place. This would enable the large majority of queued pedestrians 

to enter the road way before any vehicles on Harrison are given the green light.  It is 

shown to improve pedestrian visibilities and driver awareness.  In some cases this 
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technique increased the level of service for other intersections
2
.  It is recommended that 

lead time of between 2-4 seconds is used to insure that non peak hour traffic does not 

experience unnecessary delay.     

During the analysis, major construction was in progress adjacent to Broadway on 

6
th
 and 5

th
 Street. This construction disrupted the normal flow of traffic and after 

completion might affect future traffic patterns on the four intersections.  Due to the outlet 

of parking structure 1 remaining on Harrison, the conflict that occurs presently is 

foreseen to remain an issue.  The other intersections are to be re-examined after 

construction is completed to insure that no severe conflict occurs.      

                                                 
2
 See attached case study of an Orlando intersection putting a three phase intersection in place with a 4-

second pedestrian lead. 
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Appendix A 

 

 

 

 

 

 

Intersection Broadway and Hall 1:00-1:30

C= 56 R= 34 G= 20

Cycle Start queue L. Left Ill. Left End Queue

1 1 0 2 0

2 0 1 0 0

3 0 0 0 1

4 2 2 0 0

5 1 2 0 0  
 

Sample data collection sheet developed for the project 
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Appendix B:  Calculation and Raw Data 

 

 

Calculation of pedestrian crosswalk time. 

 

)(27.32 PED
S

L
G

p

p ++=   For )05.3(10 mftWE ¢  

=pG minimum pedestrian green time in seconds, 

3.2   = pedestrian start-up time in seconds, 

L      = crosswalk length in ft  

pS    =  walking speed of pedestrians, ( 4 ft/sec ) 

pedN  = Number of pedestrians crossing during an interval, and  

EW = effective crosswalk width in ft   
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Intersection 
 Broadway 
and Hall 

 
  1:00-1:30   

            

C= 56 R= 34 G= 20 

            

Cycle Start queue L. Left Ill. Left End Queue   

1 1 0 2 0   

2 0 1 0 0   

3 0 0 0 1   

4 2 2 0 0   

5 1 2 0 0   

6 1 1 1 0   

7 0 0 0 0   

8 0 1 0 0   

9 2 2 0 0   

10 1 2 0 0   

11 0 0 0 0   

12 2 1 1 0   

13 2 2 0 0   

14 4 1 2 3   

15 5 5 1 0   

16 1 1 0 0   

17 2 2 0 0   

18 0 0 0 0   

19 2 3 0 0   

20 1 1 1 0   

21 1 0 2 2   

22 3 2 1 0   

23 2 1 2 1   

24 2 2 0 0   

25 2 1 1 0   

26 1 1 0 0   

27 3 3 0 0   

28 2 1 3 0   

29 0 2 0 0   

30 0 0 0 0   

Totals 43 40 17 7   
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Intersection   

Broadway 
and 
Montgomery   4:30-5:00   

            

C= 56 R= 34 G= 20 

            

Cycle Start queue L. Left Ill. Left End Queue   

1 1 0 1 0   

2 0 0 0 0   

3 0 0 0 0   

4 0 0 0 0   

5 0 0 0 0   

6 1 0 1 0   

7 0 0 0 0   

8 0 1 0 0   

9 0 0 0 0   

10 0 0 0 0   

11 0 1 0 0   

12 1 0 1 1   

13 1 0 1 0   

14 0 0 0 0   

15 1 0 2 0   

16 0 0 0 0   

17 0 0 0 0   

18 0 0 0 0   

19 0 0 0 0   

20 0 0 0 0   

21 0 1 0 0   

22 0 0 1 0   

23 0 0 0 0   

24 0 1 1 0   

25 0 0 0 0   

26 0 0 0 0   

27 0 0 0 0   

28 0 0 0 0   

29 0 0 0 0   

30 2 1 1 0   

Totals 7 5 9 1   
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Intersection   
Broadway 
and Harrison       

            

C= 56 R= 23 G= 33 

            

Cycle Start queue L. Left Ill. Left 
End 
Queue   

1 0 0 0 0   

2 1 1 1 3   

3 6 3 3 1   

4 3 2 2 0   

5 5 4 1 1   

6 5 1 2 3   

7 6 2 2 5   

8 7 3 3 1   

9 4 1 3 0   

10 0 0 0 1   

11 3 2 1 0   

12 0 2 1 0   

13 3 1 2 0   

14 1 0 1 0   

15 0 0 0 1   

16 0 0 1 1   

17 1 0 3 1   

18 3 1 2 4   

19 4 1 4 0   

20 3 2 2 1   

21 2 1 1 0   

22 2 0 1 4   

23 6 0 1 8   

24 9 1 1 7   

25 8 3 2 4   

26 5 2 1 3   

27 5 2 1 5   

28 6 2 2 3   

29 5 2 2 2   

30 4 0 3 3   

Totals 107 39 49 62   
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Intersection   

Broadway 
and 
Montgomery   12:30-1:00   

            

C= 56 R= 34 G= 20 

            

Cycle Start queue L. Left Ill. Left End Queue   

1 0 0 0 0   

2 0 0 0 0   

3 0 0 0 0   

4 0 0 0 0   

5 0 0 0 0   

6 0 0 0 0   

7 0 0 0 0   

8 0 0 0 0   

9 0 0 0 0   

10 1 0 1 0   

11 0 0 0 0   

12 1 1 0 0   

13 0 0 0 0   

14 0 0 0 0   

15 0 0 0 0   

16 0 0 0 0   

17 0 0 1 0   

18 0 0 0 0   

19 0 0 0 0   

20 0 0 0 0   

21 1 0 1 0   

22 0 0 0 0   

23 0 0 0 0   

24 0 0 0 1   

25 2 1 1 0   

26 0 0 0 0   

27 1 1 0 0   

28 0 0 0 0   

29 0 0 0 0   

30 0 1 0 0   

Totals 6 4 4 1   
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Intersection   

Broadway 
and 
Harrison       

            

C= 56 R= 23 G= 33 

            

Cycle Start queue L. Left Ill. Left End Queue   

1 0 0 0 0   

2 1 1 1 3   

3 6 3 3 1   

4 3 2 2 0   

5 5 4 1 1   

6 5 1 2 3   

7 6 2 2 5   

8 7 3 3 1   

9 4 1 3 0   

10 0 0 0 1   

11 3 2 1 0   

12 0 2 1 0   

13 3 1 2 0   

14 1 0 1 0   

15 0 0 0 1   

16 0 0 1 1   

17 1 0 3 1   

18 3 1 2 4   

19 4 1 4 0   

20 3 2 2 1   

21 2 1 1 0   

22 2 0 1 4   

23 6 0 1 8   

24 9 1 1 7   

25 8 3 2 4   

26 5 2 1 3   

27 5 2 1 5   

28 6 2 2 3   

29 5 2 2 2   

30 4 0 3 3   

Totals 107 39 49 62   

 




