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ABSTRACT

This paper describes the analyses of individual vehicle delay distributions of lane groups
at two intersections in the Borough of State College, PA and 120 drivers’ quality-of-service
ratings associated with a third intersection. The purpose of these analyses was to assess the
appropriateness of using an average measure of delay (i.e., mean) as the primary measure of
effectiveness (MOE) for signalized intersections.

The observed delays consistently resulted in similarly-shaped distributions that varied
with v/c ratio. At low v/c ratios, a large proportion of the vehicles passed through the
intersection without experiencing delay, while the delay experienced by the remaining vehicles
was more or less constant up to about the length of the red phase. At higher v/c ratios, the
proportion of vehicles that experienced no delay fell, and the amount of delay experienced by the
remaining vehicles increased.

When the 26 delay distributions were subjected to criteria established to test if mean
delay was an appropriate MOE, none of the cases met all of the criteria. In one case, two (33
percent) of the criteria were not met; in twelve cases, three (50 percent) of the criteria were not
met; in twelve cases, four (67 percent) of the criteria were not met; and in one case, five (83
percent) of the six criteria were not met. These results suggest that the use of average delay does
not adequately characterize delay at signalized intersections.

Although the perceptual data could not be directly compared to the delay distributions,
subjects’ overall QOS ratings were lower for lane groups with higher average delays. More
detailed QOS ratings (by lane group and time of day) would be needed to compare the
distribution of the ratings to the distribution of delay. It has been hypothesized that users are
likely to have two related concerns about the quality of service at signalized intersections: 1)
What is the probability that I will be delayed? and 2) How long will the delay be? Considering
this hypothesis and the resulting delay distributions, perhaps a more appropriate MOE for
signalized intersections, in terms of operations and users’ perceptions, would be the probability

of no delay and the average or range of delays encountered by the remaining vehicles.
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INTRODUCTION

The concept of level of serviceis defined by the Highway Capacity Manual (HCM) (1) as
“aqualitativemeasuredescribing operational conditionswithin atraffic stream, and their perception
by motorists and/or passengers.” For each facility type, level of serviceis based on one or more
operational parameters known as “measures of effectiveness’ (MOE). The MOEs are available
measures that are thought to best describe the operational quality of afacility type, and according
tothe HCM definition, are measures that motorists should perceive. Although the concept of level
of serviceattemptsto addressawiderange of operating conditions, itisnot usually practical totreat
the full range of operational parameters for every facility type. The MOE used to define level of
service for signalized intersections is average vehicle control delay (seconds per vehicle).

The objective of this research is to assess whether average vehicle delay is an appropriate
MOE for signalized intersections. “Appropriateness” is assessed in terms of individual delay
distributionsand motorists' perceptions of service quality. Thispaper describesthedatacollection

and analyses undertaken to achieve this objective.

BACKGROUND

Estimating Average Delay at Signalized | nter sections

The method described in the 1997 HCM for analyzing the capacity and level of service at
signalized intersectionsrequires estimating the average control delay for an intersection lane group
during a 15-minute analysis period. Chapter 9 of the HCM presents a detailed computational
methodology for estimating average control delay, d, which is represented by the equation:

d =d:PF +d2 +ds
where

PF = progression adjustment factor.
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The progression factor applies to coordinated lane groups and represents the quality of signal
progression. The uniform control delay component, d,, assumes uniform arrivals and is expressed

in seconds per vehicle as follows:

- 050C(1-g/C)’
1-Min(4, X)g/C

where
C = cycle length, sec;
g/C = effectivegreen ratio; and
X = (V/c) rétio.

Theincremental delay component, d,, accountsfor the effect of random and over-saturation
gueues, adjusted for the duration of the analysis period and the type of signal control. This delay
component assumes that thereis no residual demand for the lane group at the start of the analysis

period and is expressed in seconds per vehicle as follows:

d2= 9OOT%X -1 +\/(X —1)2 +8kig
0 T o
where
T = duration of analysis period in hours,
k = incremental delay factor that is dependent of controller settings;
I = upstream filtering/metering adjustment factor; and
c = lane group capacity, vehicles/hour.

The residual demand delay, d,, accounts for oversaturation queues that may have existed
before the analysis period. If no residual queue remains at the start of the analysis period, d;, is
zero.

Thereareavariety of modelsthat offer delay estimation techni quesbased on theseequations
and complex softwarealgorithms. Most of these model srequire additional field data such astraffic

volumes, intersection geometrics, and signal timings.



Pécheux, Pietrucha, and Jovanis 3

Average vehicle delay can also be directly measured in the field. There are a number of
measurement techniques, including: the use of test-car observations, path tracing of individual
vehicles, and recording of arrival and departure volumes on a cycle-by-cycle basis. The HCM
outlinesaprocedurefor measuring intersection control delay in thefield based on direct observation
of vehicle-in-queue counts. The HCM points out that, “the method does not directly measuredelay
during deceleration and a portion of acceleration, which are very difficult to measure without
sophisticated tracking equipment. However, this method has been shown to yield a reasonable

estimate of control delay.”

Related Resear ch

Sinceitsinception in 1985, the use of delay asa M OE for signalized intersections has been
based on an average measure (whether stopped delay, control delay, or travel timedelay). Although
average delay has been used as a MOE for signalized intersections for 15 years, little research has
examined the distribution of delays at signalized intersections nor the meaning of “average’ for
different distributions. For instance, the average of a normal distribution does not have the same
meaning as the average of a uniform distribution nor the average of a bi-modal distribution.

Heidemann (2) pointed out, “relatively few authors have dealt with statistical distributions
instead of mean values.” Heidemann discussed Meisdl’ s probability generating function (pgf) for
the distribution of overflow queues and states that from this function all relevant statistical
distributions concerning queues and delays at traffic signals can be obtained in a straightforward
manner “...but rather surprisingly, this has not been fully exploited by Meissl himself or by other
authors.”

Teply and Evans (3) examined the use of individual delays (i.e., delay distributions) as
indicators of the quality of signal coordination. They devised afield survey to collect individual
vehicle delay by recording vehicle arrivals and departures and the beginning and end of the green
intervals. Data were manually collected by two surveyorsfor a“typical” lane that was considered
to be representative of an approach. Because the data collection time required for each approach
was relatively short, it was possible to collect datafor two intersection approaches within an hour.

A software program then matched arrivals and departures, determined the unimpeded travel time,



Pécheux, Pietrucha, and Jovanis 4

calculated delaysof individual vehicles, sorted and classified delays, and calculated aggregate delay
statistics.

Teply and Evans stated, “because most of these distributions are bimodal, simple statistical
parameters cannot describe them adequately” and concluded, “it appears that a single numerical
indicator of the quality of coordinated signal operation—such as the platoon ratio or a mode of the
delay distribution—cannot sufficiently describe such a complex issue.”

In terms of motorists' perceptions of delay, a study, performed as part of arelated research
project, examined users’ quality-of-service ratings of 24 different intersection delay scenarios (4).
The results suggested that many users did use delay as a criterion for rating service quality, but
whether it was some average measure of delay remainsto be seen. Theresults also suggested that,
regardless of how userstranslated their experience of delay into service quality ratings, they did not

perceive service quality on six levels, but rather three or four levels.

DELAY DATA COLLECTION AND REDUCTION

Three intersections in the Borough of State College, PA were chosen at which to observe
traffic and record individual vehicledelays. Onevideo camerarecorded each i ntersection approach
from 7:00 am. to 10:00 am. and from 4:00 p.m. to 7:00 p.m. on a typical weekday. The first
intersection, at University Dr. and Hastings Road, operated on a 84-second, fixed-time cycle with
57 seconds of green and yellow dedicated to the main street (University Dr.) and 27 seconds of
green and yellow dedicated to theminor street (HastingsRoad). Theintersectionislocated between
the Penn State main and east campuses and serves traffic to and from campus research buildings
and on-campus graduate student housing. Heavy vehicles made up less than five percent of the
averagedaily traffic, and there was no adjacent on-street parking. Along University Dr., therewas
onesignalizedintersection located approximately one-tenth of amile south of the study intersection
and another signalized intersection located approximately four-tenths of a mile north of the study
intersection. These three signals were not coordinated.

The second intersection, at University Dr. and Easterly Pkwy., was treated as a T-
intersection (with thefourth leg of theintersection ano-outlet street with littlein and out traffic) and
was semi-actuated, with inductiveloop detectorson the Easterly Pkwy., minor-street approach. The

intersectionislocated in aresidential neighborhood approximately one mile south of the Penn State
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campusand mainly servestraffic between residential nelghborhoodsand thecampusand downtown
State College area. Heavy vehicles made up less than five percent of the average daily traffic, and
therewas no adjacent on-street parking. Becausetherewereno other signalizedintersectionswithin
amile of the University Dr. and Easterly Pkwy. intersection, it was considered to beisolated.
ThethirdintersectionwasAtherton St. and VairoBlvd. Thisintersectionwassemi-actuated,
with inductive loop detectors on Vairo Blvd. and the exclusive left-turn lanes on Atherton St. The
intersection islocated along Business 322 (Atherton St.) and serveshigh volumes of traffic between
Penn State/downtown State Collegeand US 322, shopping centers, city neighborhoods, and student
housing. Heavy vehicles made up less than five percent of the average daily traffic, and therewas
no adjacent on-street parking. Therewerenearby upstream and downstream signalized intersections
on Atherton St. that were coordinated with the Vairo Blvd. intersection. Table 1 illustrates the

differences between the three subject intersections.

<Insert TABLE 1>

The HCM points out that delay is a complex measure and that it is dependent on a number
of variables including the quality of progression, the cycle length, the green/cycle ratio, and the
volume to capacity (v/c) ratio for the lane group in question. In other words, the distribution of
delays for an intersection lane group is expected to vary with these and other factors (e.g., number
of approach lanes, type of signalization). At this point, it is not important to become overly
concerned with how the distributions might vary with different factors. What is important is to
determine what these distributions look like and if an average measure of delay is an appropriate
MOE in terms of the distributions and the drivers’ perceptions of the conditions they experience.

After data were collected, individual vehicles were tracked on the video on a lane-by-lane
basisasthey entered and left theintersection. Datawere reduced from the videos using acomputer
program that marked the time a vehicle entered and exited a queue. A vehicle was considered to
enter the back of the queue when it was estimated to be traveling less than five miles per hour and
was considered to exit the queuewhen it began accel erating and there were no more potential delays
(e.g., accderating and leaving the intersection). Thus, this method measured stopped delay.

Becausedelay dueto decel eration and accel eration were not taken into account, it cannot bereferred



Pécheux, Pietrucha, and Jovanis 6

to as control delay asdefined by theHCM. However, individual delayswere consi stently recorded
and are therefore directly comparable to the control delay by a constant multiplicative factor.

In addition to recording when the vehicles entered and exited the queue, the program
recorded the intersection approach, lane group, signalization type (e.g., fixed time or actuated) and
movement of each vehicle(e.g., left turn, through, or right turn). All datawerewrittento adatabase

where the data could be easily extracted and analyzed.

DELAY DISTRIBUTIONS

Examples of the delay frequency, or probability distributions, resulting from thefield delay
studies at the intersections of University Dr. and Hastings Road and University Dr. and Easterly
Pkwy. areillustrated in Figures 1 - 3. Each graph illustrates the frequency or probability of delays.
The morning and evening peak hours were determined from the observed traffic volumes during
three hours in the morning and three hours in the evening, respectively. Individual vehicle delays
during the peak hours were plotted as frequency distributions for each lane group. The observed
delays consistently resulted in similarly-shaped distributions that varied with v/c ratio. Referring

once again to the work of Heidemann (2), he wrote of his derived delay distributions:

All curves pertaining to the lower degrees of saturation (namely, 5 percent
and 50 percent) show extremely high [probabilities] for the lowest delays. This
means that many vehicles can pass [through the intersection] without suffering
delay. Thecurvesthen decrease sharply and remain more or less constant for atime
interval the length of which is about one red period; thereafter they decrease to
amost zero. The constant level observed indicates that the delays are mainly
determined by the randomness of the arrivals and that queuing effects on the delays
are not predominant.

Thecurvespertaining to the higher degreesof saturation (namely, 95 percent
and 99 percent) are much more constant over the entirerange of delays. Thisshows

that areatively large number of vehicles suffers a considerable amount of delay.

<Insert FIGURES 1 - 3>
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Heidemann'’s results were confined to simple general assumptions of Poisson-distributed
arrivals, a generalized service distribution, a fixed-time controller, and a one-lane approach.
Comparing Heidemann's results with those obtained in this research, the delay distributions
obtained from empirical data support those derived mathematically by Heidemann. Whenv/cratios
werelow (e.g., Figure 2) the majority of vehicles passed through theintersection without delay. In
general, the remaining vehicles uniformly experienced a range of delays up to about the length of
the red phase. At higher v/c ratios, the proportion of vehicles that experienced no delay fell, and
the amount of delay experienced by the remaining vehiclesincreased (e.g., Figures 1 and 3).

Although Heidemann’ s paper concentrated on the derivation of these distributions and not
necessarily how well the average representsthe distribution, its publication stresses theimportance
of, and lack of research in, the area of applying distributions rather than mean values.

Similarly, it appears that the delay distributions obtained in this research through a longer
and more involved data collection and reduction process support the results obtained by Teply and
Evans (3). Therefore, it is likely that delay distributions can be adequately described through
shorter and less detailed data collection and reduction efforts than the video methodology used for
this study.

DISTRIBUTION CRITERIA

Prior to data collection, several criteria were established that would be used to assess the
appropriateness of average (i.e., mean) delay asaMOE for signalized intersections. Thesecriteria,
and particularly the quantitative values in the criteria, were derived from reviewing methods for
analyzing statistical distributions, and were based upon the researchers' judgement. The HCM
defines LOS as a qualitative measure that represents operational characteristics and the perception
of the operations by motorists and passengers. Thus, it isimportant when choosing a MOE that it
be representative of both operations as well as how the users perceive them. Intuitively, it makes
sensethat thelonger the delay, the more poorly theintersection will operate and the more frustrated
drivers will become. However, the metric used to quantify this should adequately represent both
situations. Figure 4 illustrates a normal distribution and the percentage of the sample that should
fall within one standard deviation of the mean. While mean is agood measure of central tendency

for thenormal distribution, problems occur when the mean isapplied to popul ationsthat have other



Pécheux, Pietrucha, and Jovanis 8

distributions (e.g., uniform, bimodal). For instance, too few observationsfall closetothemean, and

therefore the mean is not representative of the central tendency.

<lnsert FIGURE 4>

With thisin mind, the criteria established were as follows:

1 Themean, median, and mode should besimilar. Differencesin thesevalues
would suggest variability in the delays, or lack of variability in certain
delays, such that the average might not adequately the delay.

2. Thedistribution should not bebi-/multi-modal. For adistribution with more
than one mode, a simple average measure of delay (falling between the
modes) would not sufficiently describe the sample.

3. If the distribution is symmetrical, the kurtosis should be less than or equal
tothree(i.e., the curve should be mesokurtic or leptokurtik not platykurtic).
Kurtosisdescribesthe” peakedness’ of adistribution. Mean valuesaremore
representative of the central tendency of distributions with higher and more
narrow peaks (i.e., mesokurtic and leptokurtik) that they are of those with
shorter and wider “plateaus’ (i.e., platykurtic).

4. The standard deviation should be less than the mean. When the standard
deviation is greater than the mean, the distribution is positively skewed and
thus the variability tends to be concentrated on one side of the mean.

5. At least 50 percent of thevehiclesshould have experienced the average delay
or less. In other words, more than half of the vehicles should experience a
delay that is “better” than the average.

6. At least 10 percent of the vehicles should have experienced the average
stopped delay. The higher this percentage, the more appropriate the
measure.

7. At least 50 percent of the vehicles should have experienced a delay within
the level of service category associated with the average delay. In other

words, each level-of-service category is associated with a range of delays.
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For the MOE to be representative of the distribution, at least half of the
vehicles should experience a delay within the range of the associated level-

of-service category.

A priori, if any of the criteria do not hold for the distributions, using average delay asthe
M OE for signalized intersections should be questioned. Thisismerely an early assessment of delay
distributions based on prior judgements.

The statistical parameters associated with the seven criteria for the delay distributions at
University Dr. and Hastings Road. and University Dr. and Easterly Pkwy. aresummarized in Tables
2 and 3, respectively. Cellswith parameters not meeting the above criteria are shaded.

<Insert TABLES 2 and 3>

For thefirst criterion, the mean, median, and mode were compared. If an average or mean
value of delay is to represent the central tendency of the delay experienced by vehicles passing
through an intersection, these values should be similar. Because “similar” is a vague term, as
assumption was made about themeaningintermsof drivers’ perceptions. Theassumptionwasthat,
from the drivers perspective, encountering (on average) some delay at a signal will be perceived
differently than encountering (on average) no delay at the signal.

In all but one case the mode was zero, and therefore the mode was considered to be
dissimilar to both the mean and median. In 10 of the 26 cases, the median was also zero. In these
10 cases, the median and mode were considered to be similar to each other, but dissimilar to the
mean. Thus, in all but one case, the parameters did not meet the first criterion.

Only one of the distributions was considered to be bi- or multi-modal, and, in all but one
case, themodewas zero. However, in most casesthe distribution of the delayed vehiclesdid appear
to “peak” at one or moredelays. Although these peaks were substantially lower than those at zero
delay, the results suggest that an average value may not be a good indicator of the delays
encountered due to the shape of the distributions.

The third criterion, kurtosis, was eliminated because none of the 26 distributions were

symmetrical (kurtosis values apply only to symmetrical distributions).
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In 15 of the cases, the standard deviations were larger than the mean, and therefore did not
meet the fourth criterion, “small” variability. This result suggests that the delays are positively
skewed, and in some cases, too great for a mean value to be an appropriate representation of the
central tendency.

Because of thelarge proportion of vehiclesthat experienced no delay, the distributions met
the fifth criterion in all but three cases. In the three cases that did not meet this criterion, 49, 49,
and 48 percent of the vehiclesexperienced the averagedelay or less, valuesvery closeto 50 percent.

None of the distributions met the sixth criterion that at least 10 percent of the vehicles
should have experienced the average delay. The maximum and minimum percentage of vehicles
that actually experienced the average delay was nine percent (in three cases) and was zero (in three
cases), respectively.

Finally, only five of the distributions met the last criterion that at least 50 percent of the
vehicles should have experienced a delay within the level-of-service category associated with the
average delay. In each of the five cases the level-of-service was A, which is not surprising
considering thelarge proportion of vehiclesthat experienced no delay. In several cases, theaverage
delay was just dlightly higher than the upper threshold value of 5.0 seconds per vehiclefor LOSA.
These cases therefore failed to meet the last criterion, although the lane groups were operating at
avery high level-of-service with very little delay, (six or seven seconds per vehicle). If the LOS A
category were slightly wider (perhaps up to 10 seconds per vehicle), these six caseswould have met
thelast criterion. Thisresult raises as question as to why the delay range for the LOS A category
(i.e, five seconds) is relatively small compared to the delay ranges of the other level-of-service
categories(i.e.,10, 10, 15, and 20 seconds per vehiclefor LOSB, C, D, and E, respectively). Many
of the cases may have come much closer to meeting the last criterion if the level-of-service ranges
were wider (or perhaps if there were fewer level-of-service categories overall).

In most cases, the delays were nearly uniformly distributed. In the case of uniform
distributions, simple measures of central tendency cannot adequately characterize the datasample,
especially when there is alarge range of values along the X-axis.

Considering thedistribution of delaysfor the southbound University Dr. through plusright-
turn approach to Easterly Pkwy (p.m. peak hour), whichisshownin Figure 2, 60 percent of the 882
peak-hour vehicles experienced no delay. The distribution of the remaining 40 percent appearsto
be dlightly “mound-shaped,” with the average delay around 15 seconds per vehicle. Thus, an
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average of four seconds of delay per vehicle for all vehicles does not accurately represent the 60
percent that experienced no delay, nor doesit represent the 40 percent that experienced (on average)
about 15 seconds of delay per vehicle.

Perhaps a more appropriate way of defining level of service for a lane group would be to
consider the probability of experiencing no delay as well as the average or range of delays
experienced by the remaining vehicles. Further research is needed to assess the feasibility and

applicability of such a method.

FIELD QUESTIONNAIRE

The delay distribution criteria discussed in the previous section focused on how
representative average delay is in terms of operating conditions. However, because the HCM
definition of level of service is two-fold, it isimportant to also consider how representative the
averagedelay isintermsof drivers’ perceptionsof the conditionsthey experience. Duringthedelay
data collection at Atherton St. and Vairo Blvd., questionnaires were administered to driversin the
parking lot of the Walmart located adjacent to the intersection. Questionnaires were administered
simultaneously with field data collection to determine drivers' delay estimates and perceptions of
service quality based on the delay they had just experienced. In addition, subjectswere asked how
often they travel through the intersection, the time of day they generally travel through the
intersection, and thedirection/movementsthey generally make. Finally, subjectswereaskedtogive
their overall perception of service quality at the intersection by rating the quality of service (QOS)
(based on their experience) on ascale of 1 to 10, with 1 representing unacceptable conditions and
10 representing excellent conditions. In all, 120 questionnaires were administered.

Becauseof theoriginal purposeof thefield questionnaire, the subjectswerenot asked torate
QOS separately for each movement or for each peak hour. Thus only one overall QOS rating was
available for each subject, and subjects’ QOS ratings could not be directly compared to the delay
distributions. One observation that could be made from the data was that subjects’ that typically
made movements in lane groups with lower average delay tended to rate the intersection service
quality higher than those subjects who made movementsin lane groups with higher average delay.

A more interesting question, however, would be if the range of QOS ratings reflected the
range of delay. If users’ perceptions of service quality are based mainly on the delay they
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experience, a statistic (i.e.,, MOE) that is inappropriate for representing the delays should also be
inappropriate in describing the level of service that the users perceive. If an MOE isto represent
operational conditionsand user perceptions, thedistribution of thetwo should be“similar.” Future
research should address this topic by studying user perception of individual delays (rather than
overall QOS).

DISCUSSION

This paper has discussed delay data collected at three intersectionsin the Borough of State
College, Pennsylvania and presented the results for two of the threeintersections. Theresults have
been discussed interms of the distribution of delaysfor each lane group at two intersectionsand the
perceptions of delay by motorists at the third intersection.

The observed delays consistently resulted in similarly-shaped distributionsthat varied with
v/c ratio. At low v/c ratios, a large proportion of the vehicles passed through the intersection
without experiencing delay, while, in general, theremaining vehiclesuniformly experienced arange
of delaysup to about thelength of thered phase. At higher v/cratios, the proportion of vehiclesthat
experienced nodelay fell, and theamount of delay experienced by theremaining vehiclesincreased.

None of the 26 delay distributions analyzed met all of the six pre-specified “suitability
criteria’ established to test if average delay is an appropriate MOE. In one case, two (33 percent)
of thecriteriawere not met; in twelve cases, three (50 percent) of thecriteriawere not met; intwelve
cases, four (67 percent) of the criteria were not met; and in one case, five (83 percent) of the six
criteria were not met. These results suggest that the use of average delay does not adequately
characterize the delay distributions.

This paper aso briefly discussed afield questionnaire that was administered during delay
data collection at athird intersection in State College. Although the perceptual data could not be
directly compared to the delay distributions, subjects overall QOS ratings were lower for lane
groups with higher average delays. More detailed QOS ratings (by lane group and time of day)
would be needed to compare the distribution of the ratings to the distribution of delay.

From hereit could be hypothesi zed that users are likely to have two related concerns about

the quality of service at signalized intersections:
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1) What is the probability that | will be delayed?
2) How long will the delay be?

In other words, quality of serviceislow if thereis ahigh probability of being delayed and/or the
possibility of a“long” delay. In contrast, quality of service isgood when thereisahigh probability
of no delay. To test this hypothesis, delay measures that reflect these probabilities are needed.
Examining the delay distributions once again, it can be seen that these probabilities can be
quantified. Perhaps, then, a more appropriate MOE for signalized intersections, in terms of both
operations and users' perceptions, would be the probability of zero delay and the average or range
of delays encountered by the remaining vehicles. Future studies should attempt to test this
hypothesis.
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TABLE 1 Study Intersections

I nter section Signal Number of Number of I ntersection

Timing Major Street Minor Street L ocality
Approach Lanes | Approach Lanes

University Dr. and | Semi-actuated 3 2 Isolated

Easterly Pkwy. Not coordinated

University Dr. and | Fixed-time 5 3 Not isolated

Hastings Road Not coordinated

Atherton St. and Semi-actuated 6 4 Not isolated

Vairo Blvd. Coordinated




TABLE 2 Peak Hour Delay Distributionsfor the Inter section of University Dr. and Hastings Road

Lane Group Time Mean Median | Mode | Hourly | Multi- Standard | Percent lessthan Percent with Per cent

Period volume | modal deviation | averagedelay averagedelay | inLOS
Southbound AM 3 0 0 170 N 6 75 8 77
University Dr.

~Thru+RT PM 6 0 0 203 N 10 72 1 10
Southbound AM 5 0 0 215 N 9 71 3 13
University Dr.

—Thru PM 7 0 0 402 N 10 63 2 17
Southbound AM 19 13 0 22 N 19 66 9 18
University Dr.

AT PM 15 7 0 20 N 16 65 5 20
Northbound AM 6 0 0 633 N 10 72 1 6
University Dr.

—Thru+RT PM 8 0 0 434 N 11 62 2 16
Northbound AM 13 8 0 312 N 14 59 1 14
University Dr.

AT PM 18 14 0 100 N 17 57 0 10
Eastbound AM 34 39 0 49 N 26 49 0 10
Hastings Road

—Thru+LT PM 24 25 0 140 N 19 49 1 9
Eastbound AM 7 4 0 59 Y 9 72 9 25
Hastings Road

-RT PM 18 15 0 493 N 15 56 4 20
Westbound AM 25 27 0 61 N 20 48 2 30
Hastings Road

—Thru+RT+LT PM 26 22 0 105 N 20 52 1 19




TABLE 3 Peak Hour Delay Distributionsfor the Inter section of University Dr. and Easterly Pkwy.

Lane Group Time Mean Median Mode | Hourly Multi- | Standard Percent lessthan | Percent with Per cent

Period volume | modal deviation average delay average delay inLOS
Southbound AM 2 0 0 357 N 4 77 1 87
University Dr.

“ThRT | py 4 0 0 882 N 7 71 1 72
Nothbound AM 4 0 0 494 N 6 66 2 68
University Dr.

—Thru PM 3 0 0 265 N 6 73 1 75
Northbound AM 12 8 0 29 N 13 69 7 34
University Dr.

AT PM 18 14 7 23 N 16 61 0 22
Eastbound AM 20 17 0 263 N 16 62 4 33
Easterly Pkwy.

AT PM 20 17 0 225 N 15 64 8 31
Eastbound AM 12 7 0 41 N 13 66 2 26
Easterly Pkwy.

-RT PM 6 4 0 47 N 6 63 7 39




Northbound University Dr. at Hastings Rd.
Through + Right Turn
A.M. Peak
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FIGURE 1 Delay Distributionsfor Northbound University Dr. at Hastings Rd. (Through
Plus Right-Turn Lane)



Southbound University Dr. at Easterly Pkwy.
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FIGURE 2 Delay Distributionsfor Southbound University Dr. at Easterly Pkwy.
(Through Plus Right-Turn Lane)



Eastbound Easterly Pkwy. at University Dr.
Left Turn
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FIGURE 3 Delay Distributionsfor Eastbound Easterly Pkwy. at University Dr. (L eft-
Turn Lane)
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FIGURE 4 Example of Normal Distribution



