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ABSTRACT

The current model used in the U.S. to predict approach capacity at a single-lane roundabout utilizes information
about entry driver behavior in relation to the circulating stream of traffic only. No procedure is currently in place
for incorporating exiting vehicles in capacity estimation. EXxiting vehicles have been shown to have an effect on
capacity at roundabout approaches in other countries, but it is not known what effect, if any, exiting vehicles have at
roundabout approaches in the U.S. The purpose of this research effort is to determine if the incorporation of exiting
vehicles improves capacity estimation at a roundabout approach, and to explain capacity prediction errors through
the examination of particular geometric and flow parameters that govern entry and exiting vehicle interactions.
Approach capacities were estimated using HCM Equation 17-70, with and without the incorporation of exiting
vehicles, and compared to measured field capacities.

The findings presented in this report demonstrate that capacity estimates with exiting vehicles result in
improved prediction of the actual capacity of a roundabout approach over estimates without exiting vehicles. It was
determined that the parameters proportion of exiting vehicles in the major stream and the width of the splitter island
provide some explanation of capacity prediction errors, but exactly how the parameters should be incorporated into
the capacity prediction process needs to be further explored.
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INTRODUCTION

Describing gap acceptance behavior at a roundabout approach requires accurate estimation of the parameters critical
gap and follow-up time. The ability to describe gap acceptance behavior is useful for predicting the capacity of an
approach. The current model used in the U.S. to predict approach capacity at a single-lane roundabout requires the
following inputs (1):

e volume of conflicting circulating traffic,
o critical gap determined from entry driver response to headways in the circulating stream of traffic, and
o follow-up time

Studies (2), (3) conducted in the past indicated there are effects due to traffic interactions, and more
specifically, due to exiting vehicles at a roundabout approach. It is not known what effect, if any, exiting vehicles
have on the capacity of roundabout approaches in the U.S. The Highway Capacity Manual (HCM) provides an
adjustment to the conflicting volume used in the estimation of capacity for minor street through movements at two-
way stop-controlled (TWSC) intersections (1). The exiting vehicles at a roundabout approach typically behave in a
manner similar to right-turning vehicles in the major stream at TWSC intersections, and therefore may have similar
effects on capacity.

Paper Obijectives

The purpose of this study is two-fold. The first objective is to determine if the incorporation of exiting vehicles
provides improved prediction of entry capacity at a roundabout approach. Capacity is first estimated with the
incorporation of only major stream vehicles that are in the circulating flow of traffic. The headways between these
vehicles define the gaps that the entering drivers either accept or reject. The number of vehicles in the circulating
stream defines the conflicting flow. Capacity is then estimated with incorporation of major stream vehicles that are
in both the circulating and exiting flows of traffic. The perceived headways between all vehicles in the major
stream define the gaps entering drivers either accept or reject. The number of vehicles in the circulating and exiting
streams defines the conflicting flow.

The second objective is to explain capacity prediction errors through the examination of particular
geometric and flow parameters that govern entry and exit vehicle interaction. Specifically, this paper looks at the
parameters proportion of exiting vehicles and the width of the splitter island.

Significance of Research

The significance of this research effort is the need to determine if the incorporation of exiting vehicles provides
improved prediction of entry capacity at a roundabout approach. Hagring (2) demonstrated that the proportion of
exiting vehicles could have a large effect on the entry capacity depending on drivers’ abilities to detect exiting
vehicles. Specifically, Hagring (2) showed through simulation that capacity increases when the proportion of
exiting vehicles increases and the major stream flow is held constant. Hagring was limited to simulation modeling
in exploring the effects of exiting vehicles. This report will expand on Hagring’s work by analyzing field data to
identify if accounting for exiting vehicles improves capacity prediction at roundabout approaches.

Paper Layout

This paper begins by describing the different events of interest occurring at a typical roundabout approach. These
events define the gaps and lags in the conflicting flow of traffic, as well as entering drivers’ responses to those gaps
and lags. Definitions of gaps and lags are provided to explain how exiting vehicles are incorporated into the critical
gap estimation process. This involves the introduction of a term called the “equivalent travel time”. At each
approach, values for critical gap were estimated without incorporating exiting vehicles (4), and compared to values
for critical gap estimated with the incorporation of exiting vehicles.

Capacity is then predicted for different 15-minute periods, with and without exiting vehicles. This is done
using the critical gaps estimated from the data, follow-up times extracted from the data, and conflicting flow counts.
These capacity estimates were compared to entry flows measured during one-minute periods of continuous queuing
at an approach. Several comparison charts are provided to support conclusions made about the accuracy of
capacities estimated with and without exiting vehicles.
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In the final section, a regression analysis identifies whether the parameters proportion of exiting vehicles or
the width of the splitter island aid in describing the difference between the capacity estimates and the field
capacities. The report closes with a summary of the findings and conclusions from the analysis.

RESEARCH APPROACH

Data Reduction

As part of the NCHRP 3-65 project, Applying Roundabouts in the United States, field data were collected
at fifteen unique single-lane roundabout approaches. For the purposes of this study, data from eight of the
approaches containing a considerable number of exiting vehicles were analyzed. These approaches are described in
Table 1. Time stamps were recorded at each approach for vehicles in the entering, circulating, and exiting traffic
streams. The precise location where each of these time stamps were collected is illustrated in Figure 1, and
described as follows:

A - Arrival of a minor stream vehicle at the service position (waiting at the yield line)
D - Entry of a minor stream vehicle into the major stream

C - Conflict point of major stream vehicles with minor stream vehicles

E - Exit point of vehicles leaving the major stream

All of the above time stamps were arranged chronologically, allowing for identification of when minor
stream drivers chose to enter the roundabout relative to vehicles in the major stream. Knowing the time stamps of
vehicles in the major stream allowed for quantification of the time headways between vehicles. These time
headways are the gaps in the major stream.

Definitions of Gaps and Lags

Tian (5) defines a gap event as a time stamp used to denote the beginning and/or end of each major stream gap. The
size of the gap is the difference between the begin gap event and the end gap event. The priority stream, or major
stream, is the stream of vehicles that can pass the approach without delay. This is usually assumed to be the
circulating stream of vehicles for roundabouts. The minor stream is the stream of vehicles that can only enter the
conflict area if the next major stream vehicle is far enough away to allow safe passage.

Tian (5) explains if a minor stream vehicle arrives subsequent to the passage of the begin gap event, the
minor stream driver is encountering a lag rather than a gap. The size of the lag is measured from the time the minor
stream driver arrives at the yield line until the passage of the end gap event or the next major stream vehicle. The
begin gap event for a lag is the time at which the subject vehicle arrives at the yield line.

A general assumption in gap acceptance theory is that the gaps in the major stream, as perceived by the
entering driver, remain unchanged. However, as shown by Hagring (2) in Figure 2, if Vehicle B exits then a new
gap consisting of x; + X, arises. The major stream driver begins evaluating this new gap at the moment Vehicle B
can be distinguished as exiting. This moment is often difficult to define, and that is why the exiting point is more
like an exiting area (2). However, in most cases, this area is treated as if it were a single point (2). A similar
methodology was used in this study for incorporating exiting vehicles in critical gap estimation.

Since the maximum likelihood technique was used as the method for estimating critical gaps, the exiting
vehicles must be incorporated in a way that allows for the identification of a driver’s accepted and largest rejected
gap. The logic for incorporating the exiting vehicles is outlined in Figure 3 and explained as follows.

Three vehicles traveling within the circulatory roadway at a single-lane roundabout are designated
Vehicles A, B, and C. A minor stream vehicle (Vehicle D) has entered the service position, and is evaluating traffic
in the major stream to determine whether it is safe to enter the roundabout (Stage 1 in Figure 3). If the entering
driver perceives the first vehicle (Vehicle A) as circulating, and does not find adequate time to enter the roundabout
ahead of this circulating vehicle, then the entering driver will begin to analyze the time to the next vehicle (Vehicle
B). However, it may not be immediately apparent whether Vehicle B is circulating or exiting. The driver may or
may not enter during the period when they are unsure of the future path of Vehicle B. This is shown in Stage 2 of
Figure 3.

If Vehicle B exits, the entering driver will end evaluation of the time to this vehicle at the moment the
driver recognizes Vehicle B is exiting. This moment is assumed to be when Vehicle B crosses a line extending out
from the splitter island perpendicular to the flow of exiting traffic. This assumption is conservative, as exiting
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vehicles sometimes shy to the outside part of the circulatory roadway, and thus can be distinguished from
circulating vehicles prior to exiting. In addition, some exiting vehicles use turn indications.

Stage 3 in Figure 3 shows that once Vehicle B crosses the exit point, the entering driver is no longer
evaluating the gap between Vehicle A and Vehicle B. If the entering driver chose not to accept this gap, then the
driver is now evaluating a new gap between the time that VVehicle B was recognized as exiting and the last vehicle
(Vehicle C). The entering driver must now evaluate the future path of Vehicle C and whether or not there is
sufficient time to enter before Vehicle C reaches the conflict point.

Equivalent Travel Time

In order to compare gaps either partially or wholly comprised of exiting vehicles to gaps between two circulating
vehicles, some amount of time must be added to particular gaps defined by exiting vehicles to accurately quantify
the perceived headways. This added time will account for the travel time that would have occurred between the exit
point and conflict point had the vehicle remained in the circulating flow. The amount of the added time is termed
the “equivalent travel time”, and is calculated using a radar sample of average circulating speeds at each approach,
along with measured distances from the exit point to the conflict point. Figure 4 is provided to illustrate the
distance measured between the exit point and the conflict point.

Table 1 shows the equivalent travel times calculated for each approach. The equivalent travel time for an
approach is added to gaps defined by a particular sequence of events as outlined in Table 2. It is worth mentioning
that the equivalent travel time is not added to the time stamp of the exit event, as this would shift the occurrence of
the event in time.

Assumptions

The process described above for defining gaps and lags with the incorporation of exiting vehicles implies three
major assumptions:
e Each exiting vehicle would have traveled the distance between the exit point and the conflict point in
exactly the equivalent travel time calculated for an approach.
e Each entering driver cannot distinguish the future path of a major stream vehicle prior to the exit point.
e Each entering driver recognizes a major stream vehicle has exited at and after the major stream vehicle
crosses the exit point.

Many drivers will not behave in exactly the manner described by these assumptions; however, these assumptions
were observed to be reasonable, and are necessary in order to provide a consistent procedure for extracting gaps and
lags from the data.

ANALYSIS

Critical Gap Estimation

Tian (5) explains that the maximum likelihood technique for estimating critical gap is based on the idea that a
driver’s critical gap lies between his or her largest rejected gap and accepted gap. A lognormal distribution is most
commonly assumed to represent the critical gaps. This distribution contains only non-negative values, since critical
gap cannot be negative, and is skewed to the right because more drivers are likely to accept larger gaps.

Table 3 presents the critical gap values estimated for each approach through the use of critical gap
estimation software that applies the maximum likelihood technique (6). Only entering vehicles accepting a gap, also
defined as those vehicles first rejecting a gap or a lag, were included in the critical gap estimation dataset. A
rejected lag was treated the same as a rejected gap.

Comparison of the critical gap values shows a decrease at all approaches when exiting vehicles are
incorporated. This observation is similar to the findings of Kyte et al., where the critical gaps estimated at TWSC
intersections became smaller with increasing proportions of right-turn vehicles in the conflicting flow (7). The
smaller critical gap estimates for TWSC intersections were attributed to the fact that the right-turn vehicles caused
less conflict than the through vehicles (7). The smaller critical gaps for these study approaches may be attributable
to a reduction in the size of many accepted and rejected gaps. Gaps between circulating vehicles, once containing
one or more exiting vehicles, now are disaggregated into multiple gaps. Also, many lags are now defined by the
presence of an exiting vehicle. This leads to an increase in the number of observed rejected lags, which are
typically smaller than rejected gaps.
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A statistical analysis completed for each approach evaluated the significance of the difference between
critical gaps determined both with and without the incorporation of exiting vehicles. The results are shown in Table
3. The difference is significant at the 95% confidence level for all eight approaches. This suggests that
incorporating exiting vehicles significantly changes the perceived gaps that minor stream drivers choose to accept or
reject.

Capacity Estimation and Comparison to Measured Field Capacities

As mentioned above, the critical gaps shown in Table 3 were determined for each approach both with and without
the incorporation of exiting vehicles. Follow-up times at each approach were also extracted from the data and are
displayed in Table 3. At each approach, the counts of circulating and exiting vehicles were collected over various
lengths of time. The entire time period during which data were collected at each approach was divided into 15-
minute sub-sections in order to achieve a larger sample size for capacity estimation.

The hourly conflicting flow rate was estimated according to three different methods. The first method
determined conflicting flow rate using the 15-minute circulating flow rate. These conflicting flow rates were used
in the estimation of capacities without the incorporation of exiting vehicles. The second method determined
conflicting flow rate using the 15-minute circulating flow rate plus 100% of the exiting flow rate. These conflicting
flow rates were used in the estimation of capacities with the incorporation of 100% of the exiting vehicles. The
third method determined conflicting flow rate using the 15-minute circulating flow rate plus 50% of the exiting flow
rate. These conflicting flows were used in the estimation of capacities with the incorporation of 50% of the exiting
vehicles.

Table 4 displays the estimated conflicting flow rates determined according to the three methods described
above. For each 15-minute sub-section, the table displays the conflicting flow rates determined without exiting
vehicles, with 100% of exiting vehicles, and with 50% of exiting vehicles. Equation 1 (HCM Equation 17-70) was
used to predict capacity both with and without the incorporation of the exiting flow. The critical gaps estimated
without exiting vehicles were used, along with the conflicting flow rates determined according to the first method,
for predicting capacities without exiting vehicles. The critical gaps estimated with exiting vehicles were used, along
with conflicting flow rates determined according to the second and third methods, for predicting capacities with
100% and 50% of exiting vehicles, respectively. The estimated follow-up times given by Blogg (8) were used in all
instances of capacity estimation. Table 5 displays the capacities estimated without exiting vehicles, with 100% of
exiting vehicles, and with 50% of exiting vehicles.

e—vct,:/3600

Ca =V w !
C. = approach capacity (veh/hr)

V. = conflicting flow rate (veh/hr)

t. = critical gap (sec)

tr = follow-up time (sec)

For every one-minute interval during each 15-minute sub-section the visually observed minutes of
continuous queuing were identified. For each one-minute interval with a continuous queue, the entry flow rate was
measured. All measured entry flow rates during a particular 15-minute period were averaged to provide a field
capacity value, and a one-hour capacity was calculated assuming four equal 15-minute flows. These field capacity
values were then compared to the capacity estimates with and without exiting vehicles.

Figure 5 plots the cumulative distributions of the measured field capacities, the HCM capacity estimates
without exiting vehicles, and the HCM capacity estimates with exiting vehicles. The curve representing estimates
without exiting vehicles provides a distribution of estimates lying far to the right of the distribution of measured
field capacities. The curve representing estimates with exiting vehicles provides a distribution that follows the
measured field capacity distribution closely.

The Kolmogorov-Smirnov test (K-S test) was performed to test whether the cumulative distribution of field
capacities matches either of the estimated distributions. The null hypothesis was that the distribution of estimates
matches the field distribution. For the distribution of HCM estimates without the incorporation of exiting vehicles,
the null hypothesis was rejected at the o = .05 level (D = 0.59 > D 5 = 0.22). The conclusion is that the distribution
of HCM estimates without the incorporation of exiting vehicles does not match the field distribution. For the
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distribution of HCM estimates with the incorporation of exiting vehicles, the null hypothesis was accepted at the o
=.05 level (D =0.10 < D g5 = 0.22). The conclusion is that the distribution of HCM estimates with the
incorporation of exiting vehicles does match the field distribution. Based on visual inspection of Figure 5 and the
results of the K-S test, HCM estimates with the incorporation of exiting vehicles result in improved estimates of the
actual capacities of roundabout approaches.

Figure 6 is provided to further support this conclusion, displaying the different capacity estimates versus
the measured field capacities. The line represents estimates exactly predicting the measured field capacity. Nearly
all capacity estimates without exiting vehicles lie above this line, indicating an overestimation of field capacity.
Notice there are approximately an equal number of capacity estimates with exiting vehicles both above and below
the line. An examination of the correlation of the capacity estimates without exiting vehicles to the exact prediction
line yields an R? value equal to 0.29. An examination of the correlation of the capacity estimates with exiting
vehicles to the exact prediction line yields an R? value equal to 0.57. This demonstrates that estimates with exiting
vehicles have more explained variation relative to the exact prediction line than estimates without exiting vehicles.
Therefore, the conclusion is that the field capacities are better explained by capacity estimates that incorporate
exiting vehicles than by capacity estimates that do not incorporate exiting vehicles.

Finally, Figure 7 provides a comparison of the average capacities from all time periods for each approach.
The values listed above the columns represent the number of 15-minute sub-sections comprising the average
capacity estimates and average field capacities for each approach. This figure reiterates the fact that HCM estimates
without exiting vehicles overpredict the field capacities at all approaches. HCM estimates with 50% of exiting
vehicles overpredict the field capacities at 7 out of 8 approaches. HCM estimates with 100% exiting vehicles
overpredict the field capacities at 5 out of 8 approaches, but on average, fall much closer to the field capacities than
either of the previous two estimates.

Explaining Capacity Prediction Errors

Troutbeck (9) found limited evidence of exiting vehicle effects at roundabout approaches in Australia, and stated
that exiting vehicles should only be accounted for if circulating speeds are expected to be high, or if entering drivers
fail to recognize differences in travel paths between circulating and exiting vehicles. From the previous section, it
was determined that incorporating exiting vehicles improves capacity estimation at roundabout approaches;
however, there remain some significant errors in capacity prediction. The second objective of this report is to
explain these capacity prediction errors through the examination of particular geometric and flow parameters that
govern entry and exiting vehicle interactions. Specifically examined in this report were the parameters proportion
of exiting vehicles in the major stream and the width of the splitter island.

Proportion of Exiting Vehicles in the Major Stream

Figure 8 plots the mean percent error (MPE) between the capacity estimates and the measured field capacities
against the associated proportion of exiting vehicles contained within the major stream of traffic. The mean percent
error is defined as:

MPE =LC“G“’)X100% 2

field

For the first comparison, 100% of the exiting vehicles were incorporated into the conflicting flow.
Capacity was estimated according to Equation 1, and the MPE was calculated according to Equation 2. The
indistinct linear trend of the MPE with exiting vehicles indicates that at lower proportions capacity is overestimated,
while at higher proportions capacity is underestimated. There is no evident trend of the MPE without exiting
vehicles; however, it is observed that nearly all MPE values are positive, indicating an overestimation of capacity at
any proportion of exiting vehicles. Also, observe that as the proportion of exiting vehicles becomes larger, the MPE
values between the two methods of estimation diverge. This suggests that as the proportion of exiting vehicles
increases, the capacity predictions with and without exiting vehicles are deviating from each other.

In a study conducted at two-way stop-controlled intersections in the U.S. by Kyte et al. (7), minor street
capacity prediction was improved by including 50% of right-turn vehicles from the major street in the conflicting
flow. Further exploration of the MPE versus proportion of exiting vehicles was conducted to analyze the effects of
only incorporating 50% of the exiting vehicles into the conflicting flow. Figure 8 plots the MPE for 50% and 100%
incorporation of exiting flow against the associated proportion of exiting vehicles. The trend of the MPE with 50%
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of the exiting vehicles indicates that capacity is overestimated at any proportion of exiting vehicles. Note that at
higher proportions, the MPE with 50% of the exiting vehicles is closer to zero percent than with 100% of the exiting
vehicles. This leads to the conclusion that 100% of exiting vehicles should be incorporated into the conflicting flow
unless an approach has a high proportion of exiting vehicles, in which case a lower percentage of exiting vehicles
should be incorporated into the conflicting flow.

The idea that a lower percentage of exiting vehicles should be included at higher proportions may be an
indication of driver expectancy. With fewer exiting vehicles in the major stream, drivers may be more hesitant to
enter the roundabout prior to any vehicle in the major stream. With a high proportion of exiting vehicles, entering
drivers may be less hesitant about entering the roundabout because they expect most vehicles in the major stream to
exit. Further research should be conducted to support the above stated conclusion, and explore this relationship in
more depth.

Width of the Splitter Island

Figure 9 plots the mean percent error (MPE) between the capacity estimates and the measured field capacities
against the associated width of the splitter island. For the first comparison, 100% of the exiting vehicles were
incorporated into the conflicting flow. Capacity was estimated according to Equation 1, and the MPE was
calculated according to Equation 2. The indistinct linear trend of the MPE with exiting vehicles indicates that at
smaller splitter island widths capacity is overestimated, while at larger widths capacity is slightly underestimated.
Also, observe that as the splitter island becomes wider, the MPE values between the two methods of estimation
show a slight divergence. This suggests that as one moves from narrow to wide splitter islands, the capacity
predictions with and without exiting vehicles are deviating from each other.

Further exploration of the MPE versus the width of the splitter island was conducted to analyze the effects
of only incorporating only 50% of the exiting vehicles into the conflicting flow. Figure 9 plots the MPE for 50%
and 100% incorporation of exiting flow against the associated width of the splitter island. The trend of the MPE
with 50% of the exiting vehicles indicates that capacity is overestimated at any splitter island width. Visual
inspection also suggests that capacity estimates with 100% of exiting vehicles more accurately predict the actual
capacity than estimates with 50% of exiting vehicles. This suggests that for narrow splitter islands, 100% of exiting
vehicles should be included in capacity estimation. For wider splitter islands, between 50% and 100% of exiting
vehicles should be included in capacity estimation. Once again, further research should be conducted to support this
conclusion and explore this relationship in more depth.

SUMMARY OF FINDINGS AND CONCLUSIONS

The current model used in the U.S. to predict approach capacity at single-lane roundabouts utilizes information
about entering driver behavior in relation to the circulating stream of traffic only. No procedure is currently in place
for incorporating exiting vehicles in capacity estimation. The primary purpose of this report was to determine if the
incorporation of exiting vehicles results in improved prediction of entry capacity at a roundabout approach over
capacity prediction with consideration for circulating vehicles only. This report also attempted to explain capacity
prediction errors through the examination of particular geometric and flow parameters that govern entry and exiting
vehicle interaction.

Through the use of simulation, Hagring explained how accounting for exiting vehicles and their effects
impacts approach capacity. He determined that capacity increases when the proportion of exiting vehicles is
increased and the major stream flow is constant (2). This study expanded on the work of Hagring by providing an
in-depth comparison of the capacity estimates, with and without exiting vehicles, to field measured capacities at
approaches in the U.S. The conclusion was that the incorporation of exiting vehicles results in improved capacity
prediction. It is of practical interest to note that an overall reduction in capacity prediction error of almost 20% is
observed when exiting vehicles are included in the estimation process. It is recommended that exiting vehicles be
accounted for in capacity estimation at U.S. roundabout approaches. Further research should be completed to
identify the exact manner in which exiting vehicles should be incorporated.

Recall, both Troutbeck and Hagring found that exiting vehicles do have an effect on entry capacity, and
they stated that this effect was most likely dependent on the geometry of the approach, major stream vehicle speeds,
and the proportion of exiting vehicles in the major stream (2), (9). This study expanded on Troutbeck and
Hagring’s observations by investigating errors in capacity prediction through the examination of the parameters
proportion of exiting vehicles and the width of the splitter island. It was determined that these parameters provide
some explanation of the prediction errors, but exactly how the parameters should be incorporated into the capacity
prediction process needs to be further explored.
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Table1 Roundabout Approaches

Equivalent
Approach Label Intersection City State Travel
Times (s)
WAO05-W NE Inglewood Hill / 216" Ave NE Sammamish WA 1.3
WAO01-W SR 16 SB Ramp / Burnham Dr Gig Harbor WA 1.7
MEO1-E US 202/ SR 237 Gorham ME 15
MDO07-E MD 140 / MD 832 / Antrim Blvd Taneytown MD 1.7*
MDO06-N MD 2/ MD 408 / MD422 Lothian MD 1.7*
WAO04-N Mile Hill Dr / Bethel Ave Port Orchard WA 2.3
WAO03-S High School Rd / Madison Ave Bainbridge Island WA 1.3
ORO1-S Colorado Ave / Simpson Dr Bend OR 1.7

**Note: Equivalent travel times are estimated.
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Table 2 Definitions of Gaps and Lags
STATE A: Entering driver assumes 2" event is circulating prior to Event “E” time stamp
Sequence of Events Gap Definition
Ci>C>X C,—C,
COE>X (E-C)+AT
A>C>X C-A
AS>E>X (E - A)+ AT
STATE B: Entering driver recognizes 2" event is exiting at and after the Event “E” time stamp
Sequence of Events from s
State A Sequence of Events Gap Definition
C, > Cs;becomes State A: C; 2 C, > X
Cl 9 Cz 9 C3 A Cc1 c2 D Cc3
} ! | | L | TIME
f c2-C1 ! C3-cC2 !
Ci>C>X C, > E becomes State A: C-E-X
C1 c2 D E
C;2>C,>E | " I | 1 L > mve
ICZ-ClI E-C2+AT !
C;-E
A C1 E D c2
| 1 | | | |
C,YEDC I TivE
E-CL+AT
C2-E
COE>X (Es—Ep) + AT
A (03 El D E2
| | | 1 | |
C>E.>E f TIME
! 2 E1-C+AT
E2-E1+AT
C,; 2> C; becomes State A: C;—C,-X
ASCi>C N R S
I T T T TIME
f Cl-A ! c2-C1 !
A>CIX C > Ebecomes State A: C—E-X
A C D E
A>C>E | } ] ] - TIME
' C-A I E-C+AT !
C-E
A E D (o}
AD>ESDC I ' . : : TIME
C-E
ASE>X (E2—Ey) + AT
A El D E2
AD>EDE | 'l 1 L L TIME
E1-A+AT
E2-E1+AT

Note: AT = “Equivalent Travel Time”
Note: X = Event which is unknown until State B
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Table 3 Critical Gap Comparison

14

Without Exiting Vehicles

With Exiting Vehicles

Significant
Site ﬁ?r:wlz\l\(ls;]*g Observations Cl\:li?ietlzgl D:t/(.j('s) Observations C'\:Ii?iacl:gl el (.sl?ev. Difference?
Gap(s) Gap (s) a=.05
MEO1-E 29 198 4.42 1.02 226 4.11 0.87 Yes
MDO06-N 2.7 32 5.10 1.68 101 3.70 0.83 Yes
MDO7-E 2.7 174 5.31 1.49 233 411 0.86 Yes
ORO01-S 2.6 225 4.49 1.20 274 3.86 0.92 Yes
WAOQ01-W 2.7 121 4.83 2.14 96 3.97 0.76 Yes
WAO03-S 3.0 332 4.77 1.40 399 3.83 0.92 Yes
WAO04-N 2.7 1627 454 1.08 817 4.29 0.78 Yes
WAOQ05-W 2.7 36 5.90 1.51 71 4.15 0.97 Yes
AVERAGE 2.8 4.92 4.00

**Note: Follow-up times are from Blogg (8), 2004
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Table 4 Conflicting Flows for Capacity Estimates

Conflicting Flows (vph

Approach Time Period Without Exit Vehicles With 100% Exit Vehicles With 50% Exit Vehicles
1 344 516 430
MEO1-E 2 416 600 508
3 392 560 476
4 424 572 498
5 40 624 332
MDO06-N 6 48 652 350
7 68 500 284
8 168 464 316
9 196 532 364
10 144 504 324
MDO7-E 11 168 488 328
12 212 600 406
13 228 560 394
14 228 600 414
15 188 532 360
16 524 804 664
ORO01-S 17 640 960 800
18 572 868 720
WAO01-W 19 636 900 768
20 432 920 676
21 336 720 528
WAO3-S 22 348 820 584
23 344 752 548
24 360 760 560
25 328 712 520
26 260 804 532
27 304 912 608
28 244 828 536
29 292 900 596
30 300 832 566
WAO4-N 31 260 852 556
32 292 936 614
33 272 796 534
34 288 900 594
35 268 792 530
36 252 832 542
37 276 856 566
WAO5-W 38 128 364 246
39 128 416 272

15
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Table5 Capacities

Without Exit With 100% Exit With 50% Exit Field Capacities

Approach | Time Period Vehicles (vph) Vehicles (vph) Vehicles (vph) (vph)
1 943 851 910 900

MEO1-E 2 887 798 857 645
3 905 823 878 692

4 881 815 863 690

5 1279 879 1071 880

MDO6-N 6 1268 863 1058 1260
7 1242 956 1106 855

8 1104 927 1041 740

9 1070 878 1002 820

10 1133 898 1034 660

MDO7-E 11 1104 909 1031 966
12 1051 832 970 818

13 1033 859 979 820

14 1033 832 964 787

15 1080 878 1005 996

16 862 769 853 520

ORO01-S 17 776 684 771 480
18 826 733 818 600

WAO01-W 19 706 673 744 540
20 811 649 768 640

21 887 745 850 660

WAO3-S 22 877 696 818 640
23 880 729 839 630

24 867 725 832 720

25 893 750 855 680

26 1054 679 855 930

27 1013 619 802 840

28 1069 666 852 840

29 1024 626 810 820

30 1017 663 831 780

WAO4N 31 1054 652 838 737
32 1024 607 798 700

33 1042 684 854 840

34 1028 626 812 870

35 1046 686 857 873

36 1061 663 848 900

37 1039 650 831 970

WAO5-W 38 1126 995 1092 1116
39 1126 955 1070 780

16
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Figure 1 Location of Collected Time Stamps
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Figure 2 Process of Exiting Vehicles — From Hagring (2), 2001
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Figure 3 Methodology for Incorporating Exiting Vehicles in Gap Definitions
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Distance for Equivalent
Travel Time Calculation

Conflict Point

Exit Point

Figure 4 Distance Measured for Calculating Equivalent Travel Time
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Figure 5 Cumulative Observations of Capacity
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HCM Capacity Estimate (vph)
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Figure 6 Capacity Estimates Compared to Measured Capacities
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Figure 7 Comparison of Average Approach Capacities
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Figure 8 Error in Capacity Estimation Versus the Proportion of Exiting Vehicles
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Figure 9 Error in Capacity Estimation Versus the Width of the Splitter Island
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