Problem 1: Maxwell Drive
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The intersection of Maxwell Drive with Route 146 (Intersection C) is signalized and fully actuated. About 2000 feet to the east is the intersection of Clifton Country Road and Route 146 (Intersection D), 4000 feet to the west is the intersection of Moe Road and Route 146 (Intersection B), and 300 feet to the north is the Intersection of Park Avenue and Maxwell Drive. All three of these upstream intersections are signalized and fully actuated.

As Figure 3 shows, the eastbound approach is three lanes wide (left, and a double through) while the westbound approach is two lanes wide (through and through/ right). The eastbound left turn bay is approximately 100 feet, while the southbound left turn bay is approximately 125 feet.  The approach for Maxwell Drive itself (the southbound approach) is three lanes wide (double left and right). 

Base Case Phasing and Volumes
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The base case signal phasing is shown in Figure 4.  The first phase is eastbound-westbound with a permitted eastbound left. The second is eastbound only with a protected eastbound left.  The third and final phase is southbound.  Field data suggest that phase 1 lasts 20-40 seconds. Phase 2 is skipped about half the time and when it is called, it lasts 8-12 seconds. Phase 3 lasts 10-18 seconds. The cycle length ranges from 30-70 seconds and averages 48 seconds.  

Base Case Volumes

Figure 5 shows the intersection volumes for the base case AM and PM peak hours.  In the AM peak, the largest volumes are the eastbound through and the westbound through.  In the PM peak, the volumes are very similar, but they are larger, especially the turning movements (e.g., 215 westbound right turns in the PM peak versus 84 in the AM peak.) 

Analysis Plans

This intersection is the place where the traffic volumes will change the most. So it makes sense to start our analysis here. The intersection’s geometry will have to change substantially. A new northbound approach has to be added, the southbound lane configuration has to be altered, and provision has to be made for westbound left turns. 

We’re not going to present all of the analyses that are required to see how the intersection should be reconfigured. Rather, we’re going to illustrate a important ideas related to the use of the HCM that can be based on the existing conditions in the PM peak (PM Existing) and the conditions that will exist in the PM peak once the south side site has been developed (PM With).

In the case of the PM Existing condition, we’re going look at: arrival patterns, heavy vehicles, and differences in LOS stemming from the use of data from different sources. We’re also going to look at the issue of skipped phases.

In the case of the PM With condition, we’re going to look at changes in LOS due to the addition of the site-related traffic, the relationship between geometric improvements and LOS, differences between planning and operational analyses, and the role of uncertainty in affecting the results obtained.

Problem 1a: Maxwell Drive PM Peak Hour - Existing Conditions
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The intersecting volumes by 15-minute interval for the existing PM Peak are shown in Table 2.  You can also see that the peak hour is from 17:00-18:00. The total number of intersecting vehicles is 2875 and the overall peak hour factor (PHF) is 0.94. The movement-specific peak hour factors range from 0.78 to 0.95, with those for the major movements being fairly high and consistent while those for the minor movements are lower and more variable. Moreover, the minor movements seem to offset each other in terms of contributing to the 15-minute volumes. 

Base Case Analysis. The base case run for the existing conditions uses the peak hour volumes shown in Table 2, the overall PHF of 0.94, 7% trucks, an arrival type of 2 for the eastbound approach, and an arrival type of 3 for the and westbound and southbound approaches. In addition, since the eastbound left turn phase is skipped half the time, the signal timings for phase 2 are halved to reflect the fact that that phase arises only 50% of the time. The data inputs for the base case are available in Dataset 1.
The reason we use arrival type 2 for the eastbound approach is that the signal at Moe Road tends to synchronize de facto with the one at Maxwell Drive even though they are both fully actuated. The average cycle lengths at the two intersections tend to be about the same and they start discharging traffic at about the same time. The distance between the signals is such that the first vehicle in the respective platoons (Moe-to-Maxwell and Maxwell-to-Moe) tends to arrive just as the signals are reaching maximum green. The signals then turn red, a queue forms, and the pattern repeats. It’s truer for the eastbound approach than for the westbound one since the cycle length at Clifton Country Road is much longer. The two signals are never synchronized in such an antagonistic way. 
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Table 3 presents the base case results for signal timings that about equalize the delays for the critical movements in each phase. The movement-specific delays range from 5.3 to 20.8 seconds per vehicle and the average queue lengths range from 1.8 to 9.9 vehicles. 
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Arrival Type Changes. Now let’s consider a parametric analysis: what happens if the arrival type changes from 2 to 1, 3, or 5 for the eastbound approach? For example, if we introduce coordination that improves eastbound progression, the arrival type could become 3, 4, or 5. If we make the progression worse (say because we focus on the westbound flows instead, assuming there’s a tradeoff), it could become 1.  From Table 4 we can see that if the progression gets better, the eastbound delays could drop as low as 2.2 seconds for the left and 0.6 seconds for the through. (Dataset 2 shows inputs for the arrival type 3 and Dataset 3 shows inputs for arrival type 5.)  These values are a small fraction of the base case. The average queue lengths could drop to 0.5 and 0.8 vehicles respectively. This urges an examination of coordination options. (Refer to Dataset 4 to see the details for arrival type 1). From Table 4 we can also see that if the coordination gets worse (arrival type 1), the eastbound left-turn delay could increase to 27.2 seconds. That’s 49% more than the base case of 18.2 seconds! For the through, a similar increase could take place, from 5.3 to 8.0 seconds, a 51% increase. The average queue lengths could grow from 4.2 to 5.2 vehicles for the throughs (23% increase) and 1.8 to 2.3 vehicles for the lefts (28% increase). In fact, the latter situation could be a problem. The left-turn storage capacity is only 5 vehicles and the 95th percentile queue length (not shown in the table) is 4.7 vehicles; so with arrival type 1, we’re nearly at that limit!  

Discussion:  
Although we aren’t going to do it, if we did a parametric study of arrival types for the westbound approach we’d find similar trends. The analysis would be useful because better coordination ought to be possible with the signal at Clifton Country Road. What we’d need is a common cycle length and appropriate splits and offsets. It’d also be useful to see if flow could be improved if we closed the exit from the fast food restaurant just east of the stopbar or did something to the intervening unsignalized intersection (with Old Route 146) that produces midblock traffic that “disrupts” progression. We’ll look at these issues when we do Problem 6, the arterial analysis.

Sensitivity to Data. Quite often, traffic engineers collect intersecting volumes for a given site on a single day. The reason is simple; primary data collection is expensive. So the question is, how certain can we be that the assessment of facility performance on our “typical” day is really typical of the intersection. The technical answer is, we can’t say. We need data for 20-30 days for the time period being studied to get a reasonable confidence interval on the average delay. But that doesn’t detract from the fact that it’s a significant issue. 

For this particular intersection, we happen to have traffic data from three separate sources. That is, three different traffic engineers have estimated the PM peak hour volumes. So the tempting question is, how different are the delays and levels of service that their volumes predict. Table 4 presents the delay estimates based on the three sets of data. You can view the input data for Dataset 1, Dataset 5 and Dataset 6 (the base case and two variations of input data, respectively). 
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In this instance, the delays are similar for all three datasets. The largest differences arise on the southbound approach where the average delays for the southbound left range from 15.8 to 17.3 seconds and the delays for the southbound right range from 18.7 to 26.7 seconds. The message isn’t that you should expect to be this lucky every time you do an analysis, but rather that you need to be sensitive to this issue and be prepared to find that others have reached different conclusions for the same site based on different, equally defensible data.

Skipped Phases: General Ideas. Actuated signals not only vary the phase durations but they also skip phases when specific movements aren’t called. That happens at this intersection. The eastbound protected left (phase 2 in Figure 4) is sometimes skipped. Before we see what effect that has on how you should do the analysis, let’s discuss movements and phases. We need to make sure that you understand how the word “phase” is used in the context of the HCM. 
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“Eight phase”, dual ring, NEMA controllers are often set up as shown in Figure 6. The diagram shows the movement sequences in the A and B rings. What happens is that the green indications progress through the A and B rings simultaneously, in parallel, with the condition that the two “barriers” (between movements 2&6 and 3&7 and between movements 4&8 and 1&5) are crossed simultaneously in both rings. 

The “standard” way that the signal indications progress is as follows: greens are first displayed for movements 1&5, the eastbound and westbound protected lefts. These lefts “lead” the through movements (assuming both are called). When actuations cease for either movement 1 or 5, let’s say movement 1 in this case, a “phase overlap” can occur. That is, the green in the “A Ring” transitions from movement 1 to movement 2 while movement 5 is still green. When movement 5 terminates, a second overlap occurs as the green in the B ring transitions from movement 5 to 6. An alternate sequence of overlaps can occur if the signal transitions from 1&5 to 1&6 and then 2&6. Thus, the following phase sequences can occur left of the middle barrier: 1&5 to 1&6 to 2&6 (two overlaps); 1&5 to 2&5 to 2&6 (again two overlaps); 1&5 to 2&6 simultaneously (no overlaps); 2&6 alone (1 and 5 both skipped, no overlaps). To the right of the barrier, four similar transition sequences are possible. (Thus this is an “8 phase” controller because 8 phases – combinations of protected movements – can occur: 1&5, 1&6, 2&5, 2&6, 3&7, 3&8, 4&7, and 4&8. This is a spot where traffic engineers can confuse one another.)

Skipped Phases: Consideration at Maxwell Drive. [image: image13.wmf]Eastbound
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At Maxwell Drive, the signal phasing is different from what’s shown in Figure 6. (You always need to check to make sure you know what the phasing is.) First, the eastbound left lags rather than leads the WB through (and right).  Second, only movement 4 exists to the right of the middle barrier.  The signal phasing is shown in Figure 7. When movement 5 is green, permissive EB lefts are allowed. If all of the lefts can turn while movement 5 is green, the 2&5 combination is skipped and the signal progresses from 1&5 directly to 4. If it’s not skipped, the sequence is 1&5, 2&5, and then 4.  

The question is: how should this phenomenon be modeled; especially since the HCM doesn’t ask for dual-ring phasing, minimum greens, maximum greens, gaps, etc. that are part of an actuated signal. Instead, it asks for information about a prescribed phase sequence where each phase is a specific combination of green indications. Thus, when a phase is sometimes skipped, what do you do?

The answer is that you adjust the “modeled” signal timings so that they reflect an “average” cycle given that specific phase(s) will sometimes be skipped. In this case, phase 2 (see Figure 4) averages 10 seconds of green when it “comes up”, followed by a 3 second yellow and a 1 second all-red. Then, since the phase is skipped about every other cycle (i.e., 50% of the time), the signal timings you use in the HCM for this phase should be: 5 seconds of green, 1.5 seconds of yellow, and 0.5 seconds of all-red. 

Skipped Phases: What if skipped phases are ignored?  The next question is: does this make a difference? Indeed, it does. Table 6 shows what happens if you don’t account for the fact that the phase is skipped. In the “base case” condition (Dataset 1), we’ve accounted for the skipped phases by using the 5+1.5+0.5 second timings we described earlier. In the Dataset 7, we’ve used the 10+3+1 second timings instead. Notice the difference! In the case of Dataset 7, the delays for the westbound through-and-right are almost 3 times larger (42.7 seconds versus 16.7). This is because the cycle length is 5 seconds longer! That may be an unexpected result, but one that makes sense after you reflect a bit. The V/C ratio started out at 0.87 with the 5.0+1.5+0.5 timings and it becomes 1.01 when the 10+3+1 timings are used. That change in V/C ratio will produce such a dramatic result. The change is arguably dramatized because the signal timings for the other phases haven’t been adjusted to reflect the change in the phase 2 timings. If we do that, and strive to get a balance in V/C ratios instead of delays, we can obtain the results presented in Dataset 8. The V/C ratios for the critical movements are nearly balanced at 0.75, 0.66, and 0.75 and the westbound delays are now lower than in the base case at 15.2 sec/veh. However, you should note that the delays for all the other movements are higher. The delay for the eastbound left is now 35.5 sec/veh instead of 18.8; for the EB through, it’s 6.9 instead of 5.3; and for the southbound approach, it is now 32.9 and 42.2 sec/veh instead of 17.3 and 20.8 sec/veh respectively for the left and right.
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These three solutions also illustrate the “huge” variations in delay that can be achieved depending on the signal timings you use. It’s important to tell your client and the other stakeholders what signal timing philosophy you’re using so they know, or have some idea, what results to expect. Ideally, you’re using a philosophy that reflects what the signal will do in the field, but since that is heavily influenced by timing parameters employed (minimum greens, maximum greens, gap times and a host of other values), it’s hard to exactly duplicate the field performance. 

So what have we learned in this problem? We’ve learned about the effects of changing the arrival type, we’ve seen what differences in performance might exist if different sets of data are used for the same site, and we’ve seen what you should do to address skipped phases. More generally, we’ve seen that you need to be explicit in describing to the client how you’ve addressed these issues in establishing the “base case” results. Somebody else might get results that are quite different from yours depending upon how they address these issues. You’ve got to be careful about the assumptions you make in “correctly” representing the conditions that exist in the field.

Problem 1b: Maxwell Drive PM Peak Hour – With Conditions
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Let’s now explore some modeling issues in the context of the PM With conditions for the Maxwell Drive intersection. The intersecting volumes for both the PM Without and PM With condition are shown in Table 7. We’re mostly going to focus on the PM With condition, but it’s useful to see (by the differences) the traffic growth we’ve assumed between the base case volumes (Table 2) and the PM Without conditions and then the site generated traffic we’ve added between the PM Without and the PM With conditions. 

Configuration Issues. Finding the best lane configuration for a new or revised intersection is one of the most exciting things a traffic engineer does. When a plan you develop works well, it’s invigorating to see it “in action”. 

For Maxwell Drive, with the new site traffic, we have an opportunity to see what designs will work best. There isn’t going to be just one right answer, most likely, there will be several. That’s usually the case with design problems. 

We’re going to start by simply examining the volumes for the “with condition. They were presented in Table 7. For example, the volumes suggest that we’re likely to need at least one southbound left-turn lane, maybe two. Two would produce a per-lane match between the northbound and southbound lefts, ignoring lane utilization. If we don’t use two, we might be able to convert the second one into a through lane or a through-and-“something” lane. Although the northbound lefts are not as heavy (150) as the southbound lefts, they are significant. A left turn lane (opposing the southbound left-turn lane) would be wise. Did you notice that the through volumes are small both north and southbound? That means one through lane should be plenty. We might even combine the throughs and rights. 

Now let’s start to study lane configuration options. At the same time, we need to think about the signal timing plan. To study one without the other isn’t smart. 

We’re going to show you how to use two tools to do this. One is the HCM planning method for signalized intersections. The other is called “critical lane analysis”. It’s a simple, “back-of-the-envelope” technique for seeing what geometric/signal timing combinations might work. (The critical lane technique is discussed in most traffic engineering textbooks and handbooks, and it’s the method for signal timing presented in the HCM.) 

In each of these two analyses, we’re going to look at different lane configurations, phasing, and signal timing. The bottom line is the cycle length. Acceptable cycle lengths range from 40-120 seconds, although longer and shorter values can happen. 

HCM Planning Method.  In the case of the HCM planning method, we have to supply the intersecting volumes, the left turn treatment (protected, permissive, compound, etc.), the number of lanes (left, through, and right; the model decides if they’re shared), the peak hour factor, the minimum and maximum cycle lengths, the coordination situation (yes or no), and whether parking is present. The model determines whether the configuration will work, reports the capacity condition (above capacity, at, nearly at, below, etc.), and presents a phasing plan.

For the Maxwell Drive, with the new site-generated traffic, Table 8 presents the planning analysis results of nine model scenarios. Some of these are “serious”: they’re solutions that might be implemented in the field. Others are “just for fun”, they show how the model “thinks”. In all scenarios, the peak hour factor is 0.94, the lost time per movement is 4 seconds (this can’t be changed), there isn’t any coordination, there aren’t any parking maneuvers, the minimum cycle length is 10 seconds, and the maximum cycle length is 200 seconds. You can see the input data for Scenario P-1 in Dataset 9. 
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Scenario P-1 is a good starting point. It’s a serious answer. The left turns are protected and the lanes are configured in a logical way. (If there are no right or left turn lanes, the model assumes the movements are shared with the throughs.) The model estimates a cycle length of 171.4 seconds (for a condition where cycle length is the minimum possible). That’s too long. If the number of northbound and southbound through lanes is increased (say, for fun to 3), as in Scenario P-2, nothing happens. That’s because the throughs aren’t the critical movement. They don’t determine the cycle length. If you reconfigure the north and southbound approaches so there are two left turn lanes and one through-and-right lane, the cycle length drops to 104.5 seconds. This is better but it assumes you can have simultaneous opposing dual lefts, which isn’t allowed in New York State. (This is an excellent example of how you can “get in trouble” if you don’t understand what solutions the client can implement!) If you assume permissive lefts are allowed, the model drops the cycle length to 18.5 seconds! That’s very short; too short for most practical situations. What the model’s reporting is the shortest cycle length that it thinks puts the intersection “at capacity” given the equations it’s using to set the signal timings. A more value, like 80 seconds (which an experienced traffic engineer might “guess” would be good given the lane configuration), makes the model to say that the intersection is “under capacity” for that cycle length. You’d find that at 20 seconds, the model says the intersection is “near capacity” and at 25 seconds or above, it says it’s under capacity.

Now we’ll do some sensitivity analyses, mostly to illustrate trends. If we assume dual lefts northbound and southbound along with exclusive lanes for the throughs and rights, the cycle length drops to 76.5 seconds (from the previous 104.5). If we add dual lefts and three through lanes eastbound and westbound (clearly, for fun), the cycle length drops to 38.5 seconds!  If we take that same lane configuration and consider a more reasonable cycle length, say 45 seconds, the model says the intersection is “near capacity”. If we go back to single left turn lanes northbound and southbound, the model says the cycle length should be 53.5 seconds. 

Cycle Length Education
. 
For a pre-timed signal, the standard equation for computing the minimum cycle length is:
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(1)

Where vi is the volume for the critical movement in phase i, si is the saturation flow rate for the critical movement in phase i, N is the number of phases per cycle, and L is the lost time per phase.

For actuated signals, with dual-ring controllers, like the one we portrayed in Figure 6, it helps to expand Equation (1) into three equations. The first one computes the v/s ratio for sequential pairs of movements to the left and right of the middle barrier in the A and B rings:
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Where pq takes on the values 12, 34, 56, and 78 corresponding to the four quadrants of the dual ring pattern. 

The second equation computes the maximum v/s ratio for the left and right halves of the dual ring pattern:
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(3)

The third equation takes the two results from Equation (3) and computes a minimum cycle length:
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(4)

This is the process being followed in the spreadsheet we used for the analysis. Click here to see the spreadsheet. 

If you study Equations (2) through (4) you’ll notice that Equation (1) can be obtained easily. First, you have to realize that N equals 4. Second, you have to see that the sequence of critical movements is either: 1,2,3,4; 1,2,7,8; 5,6,3,4; or 5,6,7,8. Third, you have to notice that the sum of the vi/si ratios identified in the denominator or Equation (1) is the same as the “left” and “right” half based sum shown in Equation (4). 

Critical Movement Technique. Now let’s consider the “critical movement” analysis technique. The general idea is that a sequence of specific movements (in specific lanes), one for each phase, determines the minimum cycle length. In a dual ring controller, configured as shown in Figure 6, this means some sequence of the four movements - either 1,2,3,4; 1,2,7,8; 5,6,3,4; or 5,6,7,8 - will define the minimum cycle length. 

Table 9 shows the results from 8 different scenarios, which were obtain using this “critical lane analysis”. We’ve assumed that the saturation flow rates for the various lane groups are as indicated by the “Note” below the table and that the lost time per phase is as shown in the second column. 
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From the table, we see the following. In Scenario C-1, the cycle length we obtain here is shorter than that in the planning analysis. (This scenario is the same as the first scenario we studied in the planning model analysis.) This is because we used 3 seconds of lost time per phase instead of 4. If we use 4 seconds, as is the case with Scenario C-2, we get a cycle length very similar to the one we obtained in the planning analysis (175.5 seconds versus 171.4). That means the two methods are very similar for that condition. In Scenario C-3 we’ve tested to see what happens if you erroneously group together the throughs and rights for the north and southbound approaches. You’re effectively assuming that some of the right turning vehicles will be in the through lane! You’ve created a double right where the second right turn “lane” is co-mingled with throughs. That’s a very uncommon (but not impossible) condition. In Scenario C-4 we’ve taken advantage of the fact that we have separate lanes for the northbound and southbound rights and had them move concurrent with the eastbound and westbound lefts! By doing this, we can accommodate all of the northbound and southbound lefts while the eastbound and westbound lefts are moving. That means the signal timing for the northbound and southbound “through-and-right” movements (4 and 8) only needs to provide green time for the northbound and southbound throughs, not the rights! (The difference is 90 instead of 150 vehicles per hour northbound and 60 instead of 195 vehicles per hour southbound!) Scenario C-5 puts the westbound right turns in a separate lane. This shrinks the westbound total volume and closely matches it to the eastbound through-and-right volume. The eastbound and westbound flows are more similar and the cycle length can be shortened. Scenario C-6 puts the northbound and southbound through-and-right movements in a single lane. It’s clearly a bad idea. The cycle time jumps to 204.9 seconds. In Scenario C-7, we offset that increase in demand for green time by providing double left turns northbound and southbound. The cycle length drops back to 106.7 seconds. Scenario C-8 is the last condition we’ve studied. In it, the northbound and southbound approaches are handled in separate phases. We also assumed that the three lanes would be used “optimally” to accommodate the combined lefts, throughs, and rights (that may be debatable). Assuming that’s possible, the cycle length drops to the lowest value encountered, 84.4 seconds.

What have we learned from this? First, we’ve seen that different lane use plans produce very different cycle lengths. Implicitly, they also produce very different phasing plans. We’ve also seen that there are ways to combine certain movements, like the northbound and southbound rights and the eastbound and westbound lefts, to get more productivity out of the intersection and reduce the cycle time. 

Operational versus Planning Analyses. In all the analyses we’ve done so far for the PM With condition, we’ve only looked “broad-brush”. We’ve done planning level analyses using the HCM and we’ve explored the use of “critical lane analysis.” Now we need to see what signal timings and lane configurations will “really work” using an operational level analysis.

We don’t need to explore all of the configuration options presented in Table 8 and Table 9. Only a few of them are worth investigating further. From Table 9, let’s look at scenarios C-4, C-7, and C-8. 
In the case of Scenario C-4, we have single left turn lanes eastbound and westbound as well as two through lanes, shared with the rights. Northbound and southbound, we have single left turn lanes and separate lanes for the throughs and rights. The detail that distinguishes it from Scenario C-1 is the fact that the northbound and southbound rights can move concurrent with the eastbound and westbound lefts. That allows the cycle length to be much shorter. Dataset 10 (C-4), Dataset 11 (C-7) and Dataset 12 (C-8) contain the input data these three scenarios. 

[image: image18.wmf]Dataset 

Eastbound

Heavy 

Phase

Signal

Arrival Type

Vehicles

Skip

Timing

Metric

L

T

R

Tot

L

T

R

Tot

L

T

R

Tot

OA

Dataset 1

2

Yes

Yes

Base

Delay

18.2

5.3

-

7.7

-

16.7

17.3

-

20.8

18.5

13.7

V/C

0.39

0.39

-

-

-

-

0.56

-

0.64

-

-

Queue

1.8

4.2

-

-

-

-

2.4

-

2.7

-

-

Dataset 7 

2

Yes

No

Adjust

Delay

19.5

6.0

-

8.4

-

42.7

22.6

-

30.6

25.4

26.8

V/C

0.33

0.38

-

-

-

-

0.65

-

0.74

-

-

Queue

2.0

4.8

-

-

-

-

2.9

-

3.3

-

-

Dataset 8 

2

Yes

No

Adjust

Delay

35.5

6.9

-

12.1

-

15.2

32.9

-

42.2

36.1

18.0

V/C

0.47

0.35

-

-

-

-

0.66

-

0.75

-

-

Queue

3.0

6.5

-

-

-

-

4.3

-

4.9

-

-

12.8

15.2

0.75

EB

WB

42.7

1.01

16.0

SB

16.7

0.87

9.9

As Table 10 shows for Scenario C-4, a cycle length of 65 seconds can be obtained using the operational analysis.  This is cycle length is much shorter then the 114.9 second cycle length that was obtained from the critical movement analysis. The overall delay is 28.7 seconds, the maximum delay is 39.5 (northbound through), and the maximum average queue is 17.6 vehicles (westbound through-and-right). For Scenario C-7, we’re just again found a shorter cycle length using the operational analysis.  A 90 second cycle length from the operational analysis compared to a 106.7 second cycle length from the planning analysis. The delays and queue lengths are considerably larger than C-4, so the C-7 solution is not better. For C-8, we can’t match the 84.4 seconds from the critical lane analysis. The shortest cycle length we can make work is 93.0 seconds. Some movements have LOS F if the cycle length is shorter. 

What have we learned from this? We’ve seen that we can make the signal work, in an operational analysis, for the conditions that the planning analyses suggested should work. We have also seen that the cycle lengths are sometimes different. One final observation is that it seems possible with the operational analysis to fine-tune the problem solution in some cases so that better than “at-capacity” performance can be achieved through careful selection of the phasing plan to employ, in conjunction with the lane use.

Uncertainty Issues. As any planner knows, estimating site-generated traffic is a challenge. It’s difficult to say with assurance, how much traffic will be created. Since this is true, a sensitivity analysis has value. It pays to look at variations in volume, up and down from the projected numbers, and see what trends exist in cycle length, level of service, queue length, etc. 

For this particular intersection, let’s look at three situations: the base case (Dataset 10), a condition with 30% more site-generated traffic (Dataset 13), and a condition with 30% less site generated traffic (Dataset 14). 
The results are presented in Table 11. It’s interesting that increasing the site-generated volumes by 30% raises the cycle length substantially from 65 to 77 seconds. The delays also increase from an average of 28.7 seconds to 34.4 seconds. However, when the site-generated traffic is lower by 30% there isn’t a significant change. The cycle length stays at 65 seconds, the average delay drops only marginally from 28.7 to 28.5 seconds.
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It’s hard to see the trends in delays, etc. directly from the table. A graphic is useful. Figure 8 shows a “radar” plot of the delay trends. Each axis of the “wheel” is used to present the delay for a given movement. The lines and symbols show the delay for a given scenario. All five “operational” solutions discussed in Table 10 and Table 11 are included. If you look at the plots for C-4 (the base case), and Datasets 11 and 12, that trend is clear. The pattern for Dataset 11 is outside the pattern for C-4, which makes sense since the site traffic volumes for Dataset 11are 30% greater than for C-4. The pattern for Dataset 12 is inside the pattern for C-4 for a similar reason. The site-related traffic is 30% less than in C-4. The patterns for C-7 and C-8 are different. Most notably, in both of those scenarios there are more lanes available for the northbound and southbound lefts. In C-7, we’ve provided two left turn lanes on both approaches.  In doing this we eliminate the ability to have the north and southbound right movements act concurrently with the east and westbound lefts movements.  So, in order to compensate for this change the cycle length must increase.  In C-8, there are three lanes being shared among the lefts, throughs, and rights, both northbound and southbound. As a result, the SL delays in particular, and the NL delays to a lesser extent are noticeably smaller than they otherwise might or would be if the extra lane capacity had not been provided (i.e., the pattern in C-4 would have still pertained.)  
Discussion 
We’ve used this intersection to study a number of issues. It’s been a logical place to start the case study since it’s the intersection where the traffic volumes have changed the most. We’ve found that the intersection’s geometry will have to change substantially. We’ve needed a new northbound approach and we’ve found it useful to reconfigure the southbound approach. Our best solution uses three lanes southbound (left, through, and right) and three lanes northbound (left, through, and right). This let’s us serve the northbound and southbound right turns concurrent with the eastbound and westbound lefts, which shortens the cycle length and reduces delays and queues. 

We haven’t presented all of the analyses that would be required to do a complete traffic impact assessment. Rather, we’ve used certain conditions to illustrate important ideas related to the use of the HCM. We’ve used the PM Existing condition to look at: arrival patterns, skipped phases, and differences in LOS stemming from the use of data from different sources. We’ve used the PM With condition to look at changes in LOS due to the addition of the site-related traffic, the relationship between geometric improvements and LOS, differences between planning and operational analyses, and the role of uncertainty in affecting the results obtained.

We don’t know for sure that the new configuration we’ve identified will work the best. We’ve only focused on the PM With condition. It’s possible that the AM With or some other condition would work better with some other configuration. That’s something you’d have to do to complete
 the impact assessment.
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Sheet1

		Dataset		Eastbound		Heavy		Phase		Signal				EB								WB								SB

				Arrival Type		Vehicles		Skip		Timing		Metric		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		OA

		Dataset 1		2		Yes		Yes		Base		Delay		18.2		5.3		-		7.7		-		16.7				16.7		17.3		-		20.8		18.5		13.7

												V/C		0.39		0.39		-		-		-		0.87				-		0.56		-		0.64		-		-

												95-Queue		3.7		8.3		-		-		-		18.3				-		4.9		-		5.4		-		-

												Queue		1.8		4.2		-		-		-		9.9				-		2.4		-		2.7		-		-

		Dataset 5		2		Yes		Yes		Base		Delay		18.8		6.0		-		8.0		-		16.8				16.8		17.2		-		26.7		20.9		13.9

												95-Queue		4.1		11.2		-		-		-		18.5				-		4.7		-		6.8		-		-

												Queue		2.0		5.8		-		-		-		10.0				-		2.3		-		3.4		-		-

		Dataset 6		2		Yes		Yes		Base		Delay		18.5		6.1		-		7.9		-		16.7				16.7		15.8		-		18.7		17.1		12.8

												95-Queue		3.8		11.7		-		-		-		18.4				-		2.8		-		4.7		-		-

												Queue		1.9		6.1		-		-		-		10.0				-		1.4		-		2.3		-		-
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Sheet1

				Eastbound		Heavy		Phase		Signal				EB								WB								SB

				Arrival Type		Vehicles		Skip		Timing		Metric		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		OA

		Dataset 1		2		Yes		Yes		Base		Delay		18.2		5.3		-		7.7		-		16.7				16.7		17.3		-		20.8		18.5		13.7

												V/C		0.39		0.39		-		-		-		0.87				-		0.56		-		0.64		-		-

												95-Queue		3.7		8.3		-		-		-		18.3				-		4.9		-		5.4		-		-

												Queue		1.8		4.2		-		-		-		9.9				-		2.4		-		2.7		-		-
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Sheet1

				Cycle				EB								WB								NB								SB

		Scenario		Length		Metric		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		OA

		Dataset 10		65.0		Delay		38.8		19.5				22.6		15.4		34.4				32.5		17.3		39.5		24.3		25.1		38.0		31.0		28.1		34.2		28.7

		C-4				Queue		4.6		10.3				-		2.2		17.6				-		2.3		2.0		2.8		-		8.0		1.2		3.9		-		-

		Dataset 13		77.0		Delay		39.3		24.7				27.0		28.4		43.3				41.4		19.8		39.4		27.5		27.3		44.7		33.9		27.6		38.2		34.4

						Queue		5.1		13.2				-		3.9		21.3				-		3.5		2.9		4.3		-		9.5		1.8		4.3		-		-

		Dataset 14		65.0		Delay		38.8		18.6				22.0		11.0		34.4				32.7		16.6		31.0		23.0		22.4		38.0		29.7		28.1		34.2		28.5

						Queue		4.6		9.7				-		1.4		17.6				-		1.6		1.3		1.9		-		8.0		0.8		3.9		-		-






_1093975045.xls
Chart1

		EL		EL		EL		EL		EL

		ET		ET		ET		ET		ET

		ER		ER		ER		ER		ER

		WL		WL		WL		WL		WL

		WT		WT		WT		WT		WT

		WR		WR		WR		WR		WR

		NL		NL		NL		NL		NL

		NT		NT		NT		NT		NT

		NR		NR		NR		NR		NR

		SL		SL		SL		SL		SL

		ST		ST		ST		ST		ST

		SR		SR		SR		SR		SR



C-4

C-7

C-8

Dataset 13

Dataset 14

Delay Trends

38.8

63.4

65

39.3

38.8

19.5

25.9

29

24.7

18.6

19.5

32

29

24.7

18.6

15.4

23

24.3

28.4

11

34.4

44.9

54.2

43.3

34.4

34.4

44.9

54.2

43.3

34.4

17.3

19.5

34.6

19.8

16.6

39.5

50.5

72.3

39.4

31

24.3

50.5

72.3

27.5

23

38

21.2

39.3

44.7

38

31

62.6

76.4

33.9

29.7

28.1

62.6

76.4

27.6

28.1



Volumes

		Maxell Drive

		Total Vehicles				Year		Eastbound						Westbound						Southbound						Intersection Total

								L		T		Total		T		R		Total		L		R		Total

		NYSDOT - AM peak				2001		124		804		928		884		84		968		290		86		376		2272

		TC - AM peak				1999		89		889		978		963		43		1006		307		157		464		2448

		NYSDOT - PM peak				2001		190		850		1040		1035		215		1250		345		184		529		2819

		CME - PM peak				2001		208		1094		1302		1058		197		1255		338		218		556		3113

		TC - PM peak				1999		188		1089		1277		1079		130		1209		206		158		364		2850

		CME - Saturday peak				2001		200		1016		1216		801		171		972		285		187		472		2660

		Total Vehicles				Year		Eastbound						Westbound						Southbound						Intersection Total

								L		T		Total		T		R		Total		L		R		Total

		NYSDOT - AM peak				2002		126		820		947		902		86		987		296		88		384		2317

		TC - AM peak				2002		94		943		1038		1022		46		1068		326		167		492		2598

		NYSDOT - PM peak				2002		194		867		1061		1056		219		1275		352		188		540		2875

		CME - PM peak				2002		212		1116		1328		1079		201		1280		345		222		567		3175

		TC - PM peak				2002		200		1156		1355		1145		138		1283		219		168		386		3024

		CME - Sat. peak				2002		204		1036		1240		817		174		991		291		191		481		2713

		Total Vehicles (W/O)		2004		Year		Eastbound								Westbound								Northbound								Southbound								Intersection Total

				Condition				L		T		R		Total		L		T		R		Total		L		T		R		Total		L		T		R		Total

		NYSDOT - AM peak				2004		132		853		0		985		0		938		89		1027		0		0		0		0		308		0		91		399		2411

		TC - AM peak				2004		98		982		0		1080		0		1063		47		1111		0		0		0		0		339		0		173		512		2703

		NYSDOT - PM peak		PM Without		2004		202		902		0		1104		0		1098		228		1327		0		0		0		0		366		0		195		561		2992

		CME - PM peak				2004		221		1161		0		1382		0		1123		209		1332		0		0		0		0		359		0		231		590		3304

		TC - PM peak				2004		208		1202		0		1410		0		1191		144		1335		0		0		0		0		227		0		174		402		3147

		CME - Sat. peak				2004		212		1078		0		1290		0		850		181		1031		0		0		0		0		302		0		198		501		2823

		Total Vehicles (With)				Year		Eastbound								Westbound								Northbound								Southbound								Intersection Total

								L		T		R		Total		L		T		R		Total		L		T		R		Total		L		T		R		Total

		NYSDOT - AM peak				2004		132		853		121		1105		121		938		89		1148		121		72		121		313		308		48		91		447		3014

		TC - AM peak				2004		98		982		135		1215		135		1063		47		1246		135		81		135		351		339		54		173		566		3378

		NYSDOT - PM peak		PM With		2004		202		902		150		1253		150		1098		228		1476		150		90		150		389		366		60		195		621		3739

		CME - PM peak				2004		221		1161		165		1547		165		1123		209		1497		165		99		165		429		359		66		231		656		4129

		TC - PM peak				2004		208		1202		157		1567		157		1191		144		1492		157		94		157		409		227		63		174		465		3933

		CME - Sat. peak				2004		212		1078		141		1432		141		850		181		1173		141		85		141		367		302		56		198		557		3529





PM Intervals

		

		Maxell Drive

		Source: NYDOT

		PM Peak Hour		Eastbound						Westbound						Southbound						Intersection Total

		2001		Left		Through		Total		Through		Right		Total		Left		Right		Total

		16:00		42		227		269		226		36		262		63		37		100		631

		16:15		31		203		234		231		53		284		67		31		98		616

		16:30		45		226		271		234		53		287		70		51		121		679

		16:45		42		224		266		226		41		267		64		37		101		634

		17:00		56		225		281		239		69		308		88		49		137		726

		17:15		48		225		273		275		44		319		106		54		160		752

		17:30		51		215		266		250		53		303		74		33		107		676

		17:45		35		185		220		271		49		320		77		48		125		665

		Peak Hour Volume		190		850		1040		1035		215		1250		345		184		529		2819

		Peak Hour Factor		0.85		0.94		0.93		0.94		0.78		0.98		0.81		0.85		0.83		0.94

		PM Peak Hour		Eastbound						Westbound						Southbound						Intersection Total

		2002		Left		Through		Total		Through		Right		Total		Left		Right		Total

		16:00		43		232		274		231		37		267		64		38		102		644

		16:15		32		207		239		236		54		290		68		32		100		628

		16:30		46		231		276		239		54		293		71		52		123		693

		16:45		43		228		271		231		42		272		65		38		103		647

		17:00		57		230		287		244		70		314		90		50		140		741

		17:15		49		230		278		281		45		325		108		55		163		767

		17:30		52		219		271		255		54		309		75		34		109		690

		17:45		36		189		224		276		50		326		79		49		128		678

		Peak Hour Volume		194		867		1061		1056		219		1275		352		188		540		2875

		Peak Hour Factor		0.85		0.94		0.93		0.94		0.78		0.98		0.81		0.85		0.83		0.94

		PM Peak Hour		Eastbound						Westbound						Southbound						Intersection Total

		2004		Left		Through		Total		Through		Right		Total		Left		Right		Total

		16:00		45		241		285		240		38		278		67		39		106		670

		16:15		33		215		248		245		56		301		71		33		104		654

		16:30		48		240		288		248		56		305		74		54		128		721

		16:45		45		238		282		240		44		283		68		39		107		673

		17:00		59		239		298		254		73		327		93		52		145		770

		17:15		51		239		290		292		47		339		112		57		170		798

		17:30		54		228		282		265		56		322		79		35		114		717

		17:45		37		196		233		288		52		340		82		51		133		706

		Peak Hour Volume		202		902		1104		1098		228		1327		366		195		561		2992

		Peak Hour Factor		0.85		0.94		0.93		0.94		0.78		0.98		0.81		0.85		0.83		0.94

		Heavy Vehicles		Eastbound						Westbound						Southbound						Intersection Total

				Left		Through		Total		Through		Right		Total		Left		Right		Total

		2001 phv		0		3		3		15		0		15		3		1		4		22

		%HV		0.00		0.01		0.01		0.07		0.00		0.06		0.05		0.03		0.04		0.03





2002 Results

		Maxell Drive - PM Peak

		2002 Volume Results

						Eastbound		Heavy		Phase		Signal				EB								WB								SB

				Condition		Arrival Type		Vehicles		Skip		Timing		Metric		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		OA

				Base Case		2		Yes		Yes		Base		Delay		18.2		5.3		-		7.7		-		16.7				16.7		17.3		-		20.8		18.5		13.7

														V/C		0.39		0.39		-		-		-		0.87				-		0.56		-		0.64		-		-

														95-Queue		3.7		8.3		-		-		-		18.3				-		4.9		-		5.4		-		-

														Queue		1.8		4.2		-		-		-		9.9				-		2.4		-		2.7		-		-

				AT-1		1		Yes		Yes		Base		Delay		27.2		8.0		-		11.5		-		16.7				16.7		17.3		-		20.8		18.5		15.1

														95-Queue		4.7		10.2		-		-		-		18.3				-		4.9		-		5.4		-		-

														Queue		2.3		5.2		-		-		-		9.9				-		2.4		-		2.7		-		-

				AT-2		3		Yes		Yes		Base		Delay		11.9		3.5		-		5.0		-		16.7				16.7		17.3		-		20.8		18.5		12.7

														95-Queue		2.6		5.8		-		-		-		18.3				-		4.9		-		5.4		-		-

														Queue		1.3		2.9		-		-		-		9.9				-		2.4		-		2.7		-		-

				AT-3		5		Yes		Yes		Base		Delay		2.2		0.6		-		0.9		-		16.7				16.7		17.3		-		20.8		18.5		11.2

														95-Queue		1.0		1.6		-		-		-		18.3				-		4.9		-		5.4		-		-

														Queue		0.5		0.8		-		-		-		9.9				-		2.4		-		2.7		-		-

				HV-1		2		No		Yes		Base		Delay		18.2		5.3		-		7.7		-		14.1				14.1		16.9		-		20.0		18.0		12.4

														95-Queue		3.7		8.2		-		-		-		17.0				-		4.8		-		5.3		-		-

														Queue		1.8		4.2		-		-		-		9.1				-		2.4		-		2.6		-		-

				ST-1		2		Yes		No		Base		Delay		19.5		6.0		-		8.4		-		42.7				42.7		22.6		-		30.6		25.4		26.8

														V/C		0.33		0.38		-		-		-		1.01				-		0.65		-		0.74		-		-

														95-Queue		4.1		9.4		-		-		-		28.0				-		5.9		-		6.7		-		-

														Queue		2.0		4.8		-		-		-		16.0				-		2.9		-		3.3		-		-

				ST-2		2		Yes		No		Adjust		Delay		35.5		6.9		-		12.1		-		15.2				15.2		32.9		-		42.2		36.1		18.0

														V/C		0.47		0.35		-		-		-		0.75				-		0.66		-		0.75		-		-

														95-Queue		6.0		12.5		-		-		-		23.0				-		8.5		-		9.5		-		-

														Queue		3.0		6.5		-		-		-		12.8				-		4.3		-		4.9		-		-

				D-1		2		Yes		Yes		Base		Delay		18.8		6.0		-		8.0		-		16.8				16.8		17.2		-		26.7		20.9		13.9

														95-Queue		4.1		11.2		-		-		-		18.5				-		4.7		-		6.8		-		-

														Queue		2.0		5.8		-		-		-		10.0				-		2.3		-		3.4		-		-

				D-2		2		Yes		Yes		Base		Delay		18.5		6.1		-		7.9		-		16.7				16.7		15.8		-		18.7		17.1		12.8

														95-Queue		3.8		11.7		-		-		-		18.4				-		2.8		-		4.7		-		-

														Queue		1.9		6.1		-		-		-		10.0				-		1.4		-		2.3		-		-



Should the signal timing in ST-1 be Base?  We did adjust it from the base case to reflect ingoring skipped phases.



2004 Planning

		

						Number of Lanes

						East						West						North						South						Left		Capacity		Cycle

				Scenario		L		T		R		L		T		R		L		T		R		L		T		R		Turns		Condition		Length

				1		1		2		0		1		2		0		1		1		1		1		1		1		Prot		At		171.4

				2		1		2		0		1		2		0		1		3		1		1		3		1		Prot		At		171.4

				3		1		2		0		1		2		0		2		1		0		2		1		0		Prot		At		104.5

				4		1		2		0		1		2		0		1		1		1		1		1		1		Perm		At		18.5

				5		1		2		0		1		2		0		1		1		1		1		1		1		Perm		Under		80.0

				6		1		2		0		1		2		0		2		1		1		2		1		1		Prot		At		76.5				Phase		EWL		ETL		EWT		NSL		STL		NST		Cycle

				7		2		3		0		2		3		0		2		1		1		2		1		1		Prot		At		38.5				Duration (sec)		20.9		5.9		76.8		20.8		24.2		22.8		171.4

				8		2		3		0		2		3		0		2		1		1		2		1		1		Prot		Near		45.0				Duration (sec)		14.3		3.6		48.4		9.3		7.6		21.3		104.5

				9		2		3		0		2		3		0		1		1		1		1		1		1		Prot		At		53.5





2004 CritLane

		

						Lost		Number of Lanes

						Time		East						West						North						South						Cycle

				Scenario		(sec)		L		T		R		L		T		R		L		T		R		L		T		R		Length		Notes

				1		3		1		2				1		2				1		1		1		1		1		1		139.4		N&S right turn lanes dominate N&S T&R timings

				2		4		1		2				1		2				1		1		1		1		1		1		175.5		Scenario 1 except 4 sec lost time per movement

				3		3		1		2				1		2				1		2				1		2				93.5		N&S T&R incorrectly grouped together

				4		3		1		2				1		2				1		1		1		1		1		1		114.9		N&S right turns allowed concurrent with E&W lefts

				5		3		1		2				1		2				1		1		1		1		1		1		87.2		Scenario 2 plus new WB RT lane

				6		3		1		2				1		2				1		1				1		1				204.9		N&S T&R in single lanes

				7		3		1		2				1		2				2		1				2		1				106.7		Scenario 6, except simultaneous double lefts N&S

				8		3		1		2				1		2				3						3						84.4		Separate N and S phases

				Note: Saturation flow rates: 1800 for throughs, 1700 for rights, 1500 for lefts, 1300 for double lefts, 1500 for 3-lane group





2004 Planning - Old 

		Maxell Drive - PM Peak

		2004 Volume Results

														East-West						North-South

														Phase 1		Phase 2		Phase 3		Phase 1		Phase 2		Phase 3

				Run		PHF		v/c ratio		Status		Seconds		EWL		ETL		EWT		NSL		STL		NST

				P-1		0.94		1.00		at capacity		lost time		4		0		4		4		0		4

												phase time		13.5		3.3		45.1		7.8		8.2		18.8

				P-2		0.98		1.00		at capacity		lost time		4		0		4		4		0		4

												phase time		11.5		2.6		36.6		7.0		6.5		15.7

				P-3		0.90		1.01		over capacity		lost time		4		0		4		4		0		4

												phase time		16.3		4.3		57.0		8.9		10.5		23.1

				P-4		0.94		1.06		over capacity		lost time		4		0		4		4		0		4

												phase time		16.2		4.2		56.9		16.2		3.2		23.3

				P-5		0.94		1.00		at capacity		lost time		4		0		4		4		0		4

												phase time		9.7		2.0		28.7		9.7		1.5		13.0





2004 Results

		Maxell Drive - PM Peak

		2004 Volume Results

						Cycle				EB								WB								NB								SB

				Condition		Length		Metric		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		OA

				CA-S4		65.0		Delay		38.8		19.5				22.6		15.4		34.4				32.5		17.3		39.5		24.3		25.1		38.0		31.0		28.1		34.2		28.7

								Queue		4.6		10.3				-		2.2		17.6				-		2.3		2.0		2.8		-		8.0		1.2		3.9		-		-

				CA-S7		112.0		Delay		63.4		25.9				32.0		23.0		44.9				42.6		19.5		50.5				38.6		21.2		62.6				38.2		37.9

								Queue		6.5		13.7				-		3.1		23.0				-		1.4		7.2				-		3.6		8.3				-		-

				CA-S8		93.0		Delay		65.0		29.0				34.8		24.3		54.2				51.1		34.6		72.3				57.8		39.3		76.4				54.5		46.9

								Queue		6.8		15.0				-		3.3		25.8				-		1.9		8.7				-		5.4		9.4				-		-

				V-1		77.0		Delay		39.3		24.7				27.0		28.4		43.3				41.4		19.8		39.4		27.5		27.3		44.7		33.9		27.6		38.2		34.4

								Queue		5.1		13.2				-		3.9		21.3				-		3.5		2.9		4.3		-		9.5		1.8		4.3		-		-

				V-2		65.0		Delay		38.8		18.6				22.0		11.0		34.4				32.7		16.6		31.0		23.0		22.4		38.0		29.7		28.1		34.2		28.5

								Queue		4.6		9.7				-		1.4		17.6				-		1.6		1.3		1.9		-		8.0		0.8		3.9		-		-

				Labels						EL		ET		ER		WL		WT		WR		NL		NT		NR		SL		ST		SR

				CA-S4				C-4		38.8		19.5		19.5		15.4		34.4		34.4		17.3		39.5		24.3		38.0		31.0		28.1

				CA-S7				C-7		63.4		25.9		32.0		23.0		44.9		44.9		19.5		50.5		50.5		21.2		62.6		62.6

				CA-S8				C-8		65.0		29.0		29.0		24.3		54.2		54.2		34.6		72.3		72.3		39.3		76.4		76.4

				V-1				Dataset 13		39.3		24.7		24.7		28.4		43.3		43.3		19.8		39.4		27.5		44.7		33.9		27.6

				V-2				Dataset 14		38.8		18.6		18.6		11.0		34.4		34.4		16.6		31.0		23.0		38.0		29.7		28.1





2004 Results

		EL		EL		EL		EL		EL

		ET		ET		ET		ET		ET

		ER		ER		ER		ER		ER

		WL		WL		WL		WL		WL

		WT		WT		WT		WT		WT

		WR		WR		WR		WR		WR

		NL		NL		NL		NL		NL

		NT		NT		NT		NT		NT

		NR		NR		NR		NR		NR

		SL		SL		SL		SL		SL

		ST		ST		ST		ST		ST

		SR		SR		SR		SR		SR



C-4

C-7

C-8

Dataset 13

Dataset 14

Delay Trends

38.8

63.4

65

39.3
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19.5

25.9

29
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18.6

19.5
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34.6
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16.6
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50.5
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39.4

31

24.3

50.5

72.3

27.5

23
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21.2

39.3

44.7
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31

62.6

76.4

33.9

29.7
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62.6

76.4
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2004 Results - Old

		ET		ET		ET		ET		ET

		ER		ER		ER		ER		ER

		WL		WL		WL		WL		WL

		WT		WT		WT		WT		WT

		WR		WR		WR		WR		WR

		NL		NL		NL		NL		NL

		NT		NT		NT		NT		NT

		NR		NR		NR		NR		NR

		SL		SL		SL		SL		SL

		ST		ST		ST		ST		ST

		SR		SR		SR		SR		SR



C-4

C-7

C-8

Dataset 13

Dataset 14
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34.4

17.3

19.5

34.6
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39.4

31

24.3

50.5

72.3

27.5

23
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21.2

39.3

44.7

38
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33.9

29.7

28.1

62.6

76.4

27.6

28.1



Trip Generation

		Maxell Drive - PM Peak

		2004 Volume Results

						Eastbound		Heavy		Signal				EB								WB								NB								SB

				Condition		Arrival Type		Vehicles		Timing		Metric		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		OA

				Without		2		Yes		w/skips		Delay		19.1		5.4				7.9		-		19.5				19.5		-		-		-		-		17.6		-		20.8		18.7		15.1

												95-Queue		3.9		8.7				-		-		20.3				-		-		-		-		-		5.1		-		5.6		-		-

												Queue		1.9		4.4				-		-		11.1				-		-		-		-		-		2.5		-		2.8		-		-

				Base With		2		Yes		wo/skips		Delay		43.3		22.7				26.0		21.1		35.4				34.0		22.1		42.8		29.2		29.6		55.1		37.8		31.9		46.1		32.9

												95-Queue		10.3		22.8				-		6.4		34.1				-		6.0		5.0		7.0		-		19.6		3.2		9.4		-		-

												Queue		5.3		12.7				-		3.2		20.1				-		3.0		2.5		3.5		-		10.7		1.5		4.8		-		-

				V-1		2		Yes		w/skips		Delay		39.6		47.1				45.9		31.3		51.8				49.7		37.8		30.0		32.8		34.1		29.9		51.3				38.7		45.0

												95-Queue		12.3		34.1				-		7.0		44.2				-		7.8		4.7		8.4		-		9.1		16.5				-		-

				V-2		2		Yes		w/skips		Delay		28.5		34.0				33.1		25.4		29.6				29.1		27.4		26.9		28.7		27.8		23.7		34.7				28.2		30.2

												95-Queue		8.7		24.0				-		5.3		28.8				-		5.4		3.5		6.2		-		6.5		11.3				-		-

				Ph-1		2		Yes		w/skips		Delay		32.1		42.2				40.6		28.2		40.1				38.9		26.1		29.1		31.5		28.9		24.4		43.8				32.8		37.3

												95-Queue		10.3		29.5				-		6.2		36.4				-		6.9		4.2		7.4		-		8.0		14.0				-		-

		See maxell-5w		Ph-2		2		Yes		w/skips		Delay

												Queue

		See 2004 Planning Tab		P-1		2		Yes		w/skips		Delay

												Queue

				P-2		2		Yes		w/skips		Delay

												Queue

				P-3		2		Yes		w/skips		Delay

												Queue

				P-4		2		Yes		w/skips		Delay

												Queue

				P-5		2		Yes		w/skips		Delay

												Queue





Field Data

		Maxell Drive - PM Peak

				Eastbound								Westbound								Northbound								Southbound								Intersection Total

				L		T		R		Total		L		T		R		Total		L		T		R		Total		L		T		R		Total

		2004 PM W/O		202		902		0		1104		0		1098		228		1327		0		0		0		0		366		0		195		561		2992		increase

		Percentage increase		0%		0%		5%		5%		5%		0		0		5%		5%		3%		5%		13%		0		2%		0		2%		25%		748

		Site Generated Traffic		0		0		150		150		150		0		0		150		150		90		150		389		0		60		0		60		748

		2004 PM With		202		902		150		1253		150		1098		228		1476		150		90		150		389		366		60		195		621		3739

		2004 PM With +30%		202		902		194		1298		194		1098		228		1521		194		117		194		506		366		78		195		639		3964

		2004 PM With -30%		202		902		105		1208		105		1098		228		1431		105		63		105		272		366		42		195		603		3515





Signal timing 

		Maxell Drive

		8/7/2002  AM				SB						WB						EB

				L		L		R		R		T		T		L		T		T

				1		2		3		5		6		7		8		9		10

				3		3		2		-		3		3		7		5		12

				1		3		6		-		4		5		5		3		7

				-		5		1		5		3		6		2		8		18

		Totals by:		2		1		-		3		4		4		5		3		9

		Move / lane		6		12		9		8		14		18		19		19		46

		Lane		6		12		9		22				18		19		19		46

		Movement		18				9		8		32				19		65

		SB left (movements  1 & 2)						18 total vehicles

		Outer lane						12 vehicles				66.67		%

		Inner lane						6 vehicles				33.33		%

		WB though (movements 6 & 7)						32 total vehicles

		Outer lane						14 vehicles				43.75		%

		Inner lane						18 vehicles				56.25		%

		EB through (movements 9 & 10)						65 total vehicles

		Outer lane						46 vehicles				70.77		%

		Inner lane						19 vehicles				29.23		%





		Wednesday - 8/7/02 - 10:40 am

		Intersection of Maxell Drive and Route 146

		Cycle		Phase 1		Phase 2		Phase 3		Sum

		1		22		-		17		39								0

		2		38		8		15		61								12

		3		38		-		13		51								0

		4		14		-		15		29								0

		5		24		5		17		46								9

		6		20		4		18		42								8

		7		44		4		21		69								8

		Average		28.6		3.0		16.6		48.1								5.2857142857
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				Cycle				EB								WB								NB								SB

		Scenario		Length		Metric		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		OA

		C-4		65.0		Delay		38.8		19.5				22.6		15.4		34.4				32.5		17.3		39.5		24.3		25.1		38.0		31.0		28.1		34.2		28.7

		Dataset 10				Queue		4.6		10.3				-		2.2		17.6				-		2.3		2.0		2.8		-		8.0		1.2		3.9		-		-

		C-7		90.0		Delay		63.4		25.9				32.0		23.0		44.9				42.6		19.5		50.5				38.6		21.2		62.6				38.2		37.9

		Dataset 11				Queue		6.5		13.7				-		3.1		23.0				-		1.4		7.2				-		3.6		8.3				-		-

		C-8		93.0		Delay		65.0		29.0				34.8		24.3		54.2				51.1		34.6		72.3				57.8		39.3		76.4				54.5		46.9

		Dataset 12				Queue		6.8		15.0				-		3.3		25.8				-		1.9		8.7				-		5.4		9.4				-		-
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		Dataset		Eastbound		Heavy		Phase		Signal				EB								WB								SB

				Arrival Type		Vehicles		Skip		Timing		Metric		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		OA

		Dataset 1		2		Yes		Yes		Base		Delay		18.2		5.3		-		7.7		-		16.7				16.7		17.3		-		20.8		18.5		13.7

												V/C		0.39		0.39		-		-		-		0.87				-		0.56		-		0.64		-		-

												95-Queue		3.7		8.3		-		-		-		18.3				-		4.9		-		5.4		-		-

												Queue		1.8		4.2		-		-		-		9.9				-		2.4		-		2.7		-		-

		Dataset 7		2		Yes		No		Adjust		Delay		19.5		6.0		-		8.4		-		42.7				42.7		22.6		-		30.6		25.4		26.8

												V/C		0.33		0.38		-		-		-		1.01				-		0.65		-		0.74		-		-

												95-Queue		4.1		9.4		-		-		-		28.0				-		5.9		-		6.7		-		-

												Queue		2.0		4.8		-		-		-		16.0				-		2.9		-		3.3		-		-

		Dataset 8		2		Yes		No		Adjust		Delay		35.5		6.9		-		12.1		-		15.2				15.2		32.9		-		42.2		36.1		18.0

												V/C		0.47		0.35		-		-		-		0.75				-		0.66		-		0.75		-		-

												95-Queue		6.0		12.5		-		-		-		23.0				-		8.5		-		9.5		-		-

												Queue		3.0		6.5		-		-		-		12.8				-		4.3		-		4.9		-		-






_1093896752.xls
Sheet1

				Lost		Number of Lanes

				Time		East						West						North						South						Cycle

		Scenario		(sec)		L		T		R		L		T		R		L		T		R		L		T		R		Length		Notes

		C-1		3		1		2				1		2				1		1		1		1		1		1		139.4		N&S right turn lanes dominate N&S T&R timings

		C-2		4		1		2				1		2				1		1		1		1		1		1		175.5		Scenario 1 except 4 sec lost time per movement

		C-3		3		1		2				1		2				1		2				1		2				93.5		N&S T&R incorrectly grouped together

		C-4		3		1		2				1		2				1		1		1		1		1		1		114.9		N&S right turns allowed concurrent with E&W lefts

		C-5		3		1		2				1		2				1		1		1		1		1		1		87.2		Scenario 2 plus new WB RT lane

		C-6		3		1		2				1		2				1		1				1		1				204.9		N&S T&R in single lanes

		C-7		3		1		2				1		2				2		1				2		1				106.7		Scenario 6, except simultaneous double lefts N&S

		C-8		3		1		2				1		2				3						3						84.4		Separate N and S phases

		Note: Saturation flow rates: 1800 for throughs, 1700 for rights, 1500 for lefts, 1300 for double lefts, 1500 for 3-lane group
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		Dataset		Eastbound		Heavy		Phase		Signal				EB								WB								SB

				Arrival Type		Vehicles		Skip		Timing		Metric		L		T		R		Tot		L		T		R		Tot		L		T		R		Tot		OA

		Dataset 1		2		Yes		Yes		Base		Delay		18.2		5.3		-		7.7		-		16.7				16.7		17.3		-		20.8		18.5		13.7

												V/C		0.39		0.39		-		-		-		0.87				-		0.56		-		0.64		-		-

												95-Queue		3.7		8.3		-		-		-		18.3				-		4.9		-		5.4		-		-

												Queue		1.8		4.2		-		-		-		9.9				-		2.4		-		2.7		-		-

		Dataset 2		3		Yes		Yes		Base		Delay		11.9		3.5		-		5.0		-		16.7				16.7		17.3		-		20.8		18.5		12.7

												95-Queue		2.6		5.8		-		-		-		18.3				-		4.9		-		5.4		-		-

												Queue		1.3		2.9		-		-		-		9.9				-		2.4		-		2.7		-		-

		Dataset 3		5		Yes		Yes		Base		Delay		2.2		0.6		-		0.9		-		16.7				16.7		17.3		-		20.8		18.5		11.2

												95-Queue		1.0		1.6		-		-		-		18.3				-		4.9		-		5.4		-		-

												Queue		0.5		0.8		-		-		-		9.9				-		2.4		-		2.7		-		-

		Dataset 4		1		Yes		Yes		Base		Delay		27.2		8.0		-		11.5		-		16.7				16.7		17.3		-		20.8		18.5		15.1

												95-Queue		4.7		10.2		-		-		-		18.3				-		4.9		-		5.4		-		-

												Queue		2.3		5.2		-		-		-		9.9				-		2.4		-		2.7		-		-
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				Number of Lanes

				East						West						North						South						Left		Capacity		Cycle

		Scenario		L		T		R		L		T		R		L		T		R		L		T		R		Turns		Condition		Length

		P-1		1		2		0		1		2		0		1		1		1		1		1		1		Prot		At		171.4

		P-2		1		2		0		1		2		0		1		3		1		1		3		1		Prot		At		171.4

		P-3		1		2		0		1		2		0		2		1		0		2		1		0		Prot		At		104.5

		P-4		1		2		0		1		2		0		1		1		1		1		1		1		Perm		At		18.5

		P-5		1		2		0		1		2		0		1		1		1		1		1		1		Perm		Under		80.0

		P-6		1		2		0		1		2		0		2		1		1		2		1		1		Prot		At		76.5

		P-7		2		3		0		2		3		0		2		1		1		2		1		1		Prot		At		38.5

		P-8		2		3		0		2		3		0		2		1		1		2		1		1		Prot		Near		45.0

		P-9		2		3		0		2		3		0		1		1		1		1		1		1		Prot		At		53.5
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		PM Peak Hour		Eastbound						Westbound						Southbound						Intersection Total

				Left		Through		Total		Through		Right		Total		Left		Right		Total

		16:00		42		227		269		226		36		262		63		37		100		631

		16:15		31		203		234		231		53		284		67		31		98		616

		16:30		45		226		271		234		53		287		70		51		121		679

		16:45		42		224		266		226		41		267		64		37		101		634

		17:00		56		225		281		239		69		308		88		49		137		726

		17:15		48		225		273		275		44		319		106		54		160		752

		17:30		51		215		266		250		53		303		74		33		107		676

		17:45		35		185		220		271		49		320		77		48		125		665

		Total		350		1730		2080		1952		398		2350		609		340		949		5379

		PHF		0.85		0.94				0.94		0.78				0.81		0.85
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