ABSTRACT

NEVERS, BRANDON LEE. A Modd of Saturation Flow Using Traffic Subgroups
(Under the direction of Dr. Nagui M. Rouphail).

This thesis presents a methodology for estimating saturation flow rates at
signalized intersections by traffic subgroups. A subgroup is defined as a group of vehicles
of a specific vehicle classification that make a single directiona movement from one
lane. The subgroup method is founded on the procedures described in the 1997 Highway
Capacity Manual (HCM) (Transportation Research Board, 1997) but extends beyond the
HCM’s lane group model to provide results that can be aggregated at multiple levels.
Rather than assuming homogeneous conditions within each lane or lane group as is the
case with many capacity guides, the subgroup method decomposes a traffic stream into
individual components, each of which have unique saturation headways. Comparisons
with the HCM show that under similar assumptions, the subgroup method produces
smilar saturation flow rates when aggregated at the lane group level. This gives

confidence for applying the subgroup approach to estimate individual lane performance.

The most critical element of the subgroup modd is the estimation of lane
volumes. Lane volume field data were gathered at four sites. Results of an evaluation of
lane distribution strategies for estimating lane volumes when a choice is present indicate
that the equal back of queue strategy best reflects driver behavior. Based on the observed
field data, the equal back of queue strategy outperforms the equal delay strategy and the
equal flow ratio strategy which are widely used in various international capacity guides.
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1.0 INTRODUCTION

1.1 Background

The estimation of saturation flow is arguably the single most important element of
a signalized intersection operational analysis. The calculation of performance measures
such as average vehicle delay, level of service, capacity, and queue al require saturation
flow as an input measure. Accurately predicting measures of effectiveness including
delay and level of service require having a means for accurately estimating saturation

flow.

The most commonly used guide for estimating saturation flow in the United
States is the Highway Capacity Manual (Transportation Research Board, 1997).
Transportation engineers utilize the procedures in the HCM to aid in the development of
signal timing plans, storage-length requirements for turn bays, and benefit estimates for
potential mitigation measures. ldeally, these applications all require the estimation of
individual lane performance. In reality however, the Highway Capacity Manual does not
provide performance at the individual lane level but rather at the lane group level. For
approaches that include multiple shared through turn lanes, a lane group can include as
many as two, three or four lanes. When traffic flow within a multi-lane lane group is not
homogeneous as is assumed by the HCM lane group model, a more detailed approach for
analyzing atraffic stream may be desired.

1.2 Subgroup Saturation Flow M odel

An alternative to analyzing signalized intersection approaches by lane groups is to
analyze approaches by subgroups. A subgroup is the smallest unit for which a saturation
flow rate can be computed. A subgroup is defined as a group of vehicles of unique
vehicle type making a single directional movement from a specific lane. The fidelity of
the subgroup approach is between that of a microscopic (vehicle-by-vehicle) model and a

macroscopic (lane/lane group) model. The strength of the subgroup approach lies in its



flexibility. A subgroup can be defined for any collection of vehicle groups, so long as the
saturation headways for each unique vehicle group are known and identical. Subgroup
results can be aggregated to provide performance measures at any level (lane, lane group,
or approach), by any vehicle type (car or truck), and/or by any directiona movement
(left, through, or right). Moreover, the subgroup approach can be carried out using the
same input that is required by atraditional HCM analysis.

The subgroup saturation flow model can be viewed as an extension of the 1997
HCM procedures. The Headway Equivalency Factors (HEF s) utilized by the subgroup
model described in Chapter 3.0 are developed directly from the saturation flow
adjustment factors described in Chapter 9 of the 1997 HCM. The major difference
between the methods is that the subgroup method requires subgroup volumes as opposed
to turning movement volumes for each approach.

For approaches where al movements occur from a single lane (exclusive or
shared), the subgroup volumes can be determined assuming the percentage of each
vehicle type is known. For cases where one or more movements can take place over
multiple lanes (referred to as “choice’ lanes), individual lane flows are required. In the
absence of field data, which can be costly to obtain and are unknown for future year

analyses, lane flows must be estimated.

1.3 Problem Statement

For the mgjority of practical applications involving “choice” lanes, individual lane
flows are unknown. Herein lies the difficulty associated with implementing the subgroup
methodology. An estimation of lane flows is required, either through the use of an

empirical model or an operational-based performance criterion.

Three signalized intersection methodologies, including the Australian (Akcedlik,
1981), Canadian (Teply, et. al, 1995), and Swedish (Peterson, et. al., 1995) methods,
employ a lane-based model and estimate individua lane flow. These three

methodologies apply an equal flow-ratio strategy across the lanes where a choice exists to



estimate individual lane flow. However, no field validation studies have been reported in
any of the capacity guides that assess the accuracy of the flow-ratio strategy and whether
it is the strategy used by motorists for lateral deployment.

The estimation of saturation flow at the lane level is highly dependent upon the
amount of traffic in each individual lane. Thus, the accuracy of subgroup performance
measures (i.e., delay, back of queue, etc.) is dependent not only on the estimation of
saturation flow, but on the estimation of lane volume flow.

1.4 Scopeand Objectives

This thesis provides a methodology for estimating saturation flow by subgroups
and evaluates one of four parameters required by the subgroup method — the estimation of
lane flows. The methodology described in Chapter 3.0 includes a comparison with the
HCM to validate the results of the subgroup method at the lane group level when the

same assumptions and input parameters are applied.

Six lane distribution strategies are evaluated against observed field data. The lane
distribution strategies evaluated include equal back of queue, equal average queue, equal
delay, equal flow ratio, equal volume, and the Bonneson method (1998). The Bonneson
method is a closed-form procedure that estimates individual lane volumes and saturation
flow using an equal flow ratio principle. The development of these strategies is based on
a synthesis of the literature and the availability of performance measures calculated as

part of the subgroup model.

Data were collected at four signalized intersections. Three of the intersections are
located in Raleigh, North Carolina. The other is in Chicago, Illinois. The collected data
consist of individual lane volumes by turning movement for the major-street approaches.

All approaches include two lanes and have permissive, shared turns.

The analyses are based on 15-minute aggregations of the field data, although data
were collected for each individual cycle. The data are representative of morning and

evening peak hour conditions.



The following items outline the objectives of this thesis.
Review existing methods used to estimate saturation flow and lane volumes.
Develop a methodology for calculating saturation flow rates by subgroup.

Analyze field data and examine the relationship between the distribution of through
traffic across choice lanes. Use field data to predict the amount of through traffic

across choice lanes.

Compare the lane distributions observed in the field with those predicted using the
1997 HCM default lane utilization factor and with other lane distribution strategies

found in the literature review.

Determine the implications of using one strategy versus another in terms of the

average control delay of the critical lane for a variety of operating conditions.

Develop a recommended lane distribution strategy for use in the application of the
subgroup approach.

15 Organization

This thesis is organized in seven chapters. Chapter 1.0 provides a definition of
the problem statement and an outline of the scope and objectives. A literature review,
provided in Chapter 2.0, summarizes the existing saturation flow models and lane
distribution strategies for signalized intersections. Chapter 3.0 provides a detailed
description of the subgroup model. Each component of the model is discussed, including
the nine Headway Equivalency Factors and the potential lane distribution strategies. The
Chapter presents a general procedure for estimating lane flow and includes an example
using 1997 HCM Sample Calculation #1.

A discussion of the criteria used to select sites for data collection is provided in
Chapter 4.0 along with a description of the chosen sites. Chapter 5.0 summarizes the
results of the field data collection effort and presents a regression model for estimating

individual lane flow. Chapter 6.0 provides the conclusions and recommendations.



Chapter 6.0 provides the evaluation results of the lane distribution strategies.

Lastly, Chapter 7.0 presents the conclusions and findings.



2.0 LITERATURE REVIEW

This chapter provides an overview of methods used to estimate saturation flow
rates for signalized intersections. The 1997 Highway Capacity Manual (HCM)
(Trangportation Research Board, 1997) is the most commonly used methodology in the
United States for analyzing signalized intersections; however, many other methodologies
exist throughout the world including those published in the Canadian (Teply, et al.,
1995), Swedish (Peterson, et al., 1995), and Australian (Akcelik, 1981) capacity guides.
Of the four methodologies reviewed, the HCM is the only non lane-based procedure. The
remaining three procedures provide performance measures for individual lanes and also
include a lane distribution model to estimate the amount of traffic on each lane. In
addition, a method developed by Bonneson (1998) is reviewed that estimates the
proportion of turning movement traffic in a shared lane, thus yielding the distribution of

traffic across each lane on a multi-lane approach.

2.1 Non-Lane Based Saturation Flow M odels

The 1997 HCM (Transportation Research Board, 1997) is the only non-lane based
analysis procedure that is included in the literature review of this thesis. In the 1997
HCM, saturation flow is calculated at the lane group level. A lane group is defined as
“one or more lanes that accommodeate traffic and have a common stop line and capacity
shared by all vehicles” The general form for estimating the saturation flow (s) of a lane

group as provided in Equation 9-10 of the 1997 HCM follows.



s= 55 )N xf,, xfy xfo xf o xfop xf o xfy xfer xf 1 (2.02)
where. s, =ided saturation flow rate (vph),
N = number of lanes within the lane group, and
fi = adjustment factors for lane width, heavy vehicles, grades, parking, bus
blockage, area type, lane utilization, right-turn movements, and left-turn
movements.

Analyzing approaches by lane groups simplifies the analysis process by
eliminating the requirement for individual lane volumes. The lane group procedure
inherently assumes that traffic conditions are homogeneous across al lanes within a lane
group. This essentially implies that al vehicles within the lane group experience the
same saturation flow rate and delay. This assumption is oftentimes not held true when the
following conditions are present:

- pedestrians conflicting with right-turn movements,

- bus activity on the curb lane,

- parking on the curb lane,

- opposing traffic conflicting with permissive left-turn maneuvers, and

- upstream/downstream geometric effects such as lane drops, tapers, freeway on-ramps,
etc.

To account for the effect that impedances have on the distribution of lane
volumes, the HCM introduces a Lane Utilization Factor (LUF). According to the
HCM, the LUF “accounts for the unequal distribution of traffic ... and provides an

adjustment to the saturation flow rate to reflect the rate at which vehicles are discharged



from a lane group when variations in lane use exist.” The HCM equation for LUF

(Equation 9-11) follows.

f,=— (2.02)

where: vy = lane group flow rate,
Vg1 = highest lane flow, and

N = number of |anes.

Default values for the LUF range between 0.88 and 1.0. The default values are
based on the approach type and number of lanes within a lane group, not the degree of
impedance that intuitively causes traffic to shift.

Further, to determine the lane group saturation flow adjustment for curbside
impedances such as bus stops and parking, the HCM averages the adjustment factor for
the outside lane with the adjustment factor for the interior lane(s), which is 1.0 (no
effect). For a lane group consisting of two lanes where the saturation adjustment factor
due to the impedance on the outside lane is 0.9, the average adjustment factor is

'9+21'O =.9%5. Averaging the adjustment factors implicitly assumes that the volumes in

both lanes are equal. The assumption is oftentimes invalid since curbside impedances

tend to result in a shift of through traffic to the inside lane. The reverse is true for cases

where permissive |eft-turn movements block through movements from a shared lane.
Since the 1997 HCM anaysis procedures are based on lane groups, the

methodology does not include a lane distribution model, with one exception — permissive



left-turns from a shared through lane. In this case, the fraction of left-turn vehicles that
depart from the shared through/left lane is calculated assuming an equal degree of
saturation across the shared through/left lane and the adjacent lane. The equation for
calculating the proportion of left turnsin a shared lane (P_) as provided in Equation 9-17

of the 1997 HCM follows.

é 2 &
e ~u
Pz, 8ss—(Nl9 (2.03)
g Qg + gU +424_l:|
é f 244
é g = '

where:  P_t = proportion of |eft turns in the lane group,
N = number of lanes in the lane group,
g = effective green time for the lane group (sec),
0r = green time before the first left turn arrives (sec), and

Qu = unopposed green time (Sec).

Knowing P_ and the left turn volume yields the amount of through traffic in the inside

lane.

2.2 LaneBased Capacity Models

The Austraian (Akcelik, 1981), Canadian (Teply, et al., 1995), and Swedish
(Peterson, et al., 1995) Capacity Guides provide procedures for estimating individual lane
performance. The genera form of the equations for calculating adjusted lane saturation

flows is similar to the multiplicative HCM model shown in Equation 2.01. In addition to



the standard adjustment factors shown in Equation 2.01, the Australian and Swedish
methods provide an adjustment factor to account for the effect of short lanes.

Each method provides a means for estimating individua lane flow when a choice
exists’. The Canadian procedure is non-iterative and can be carried out by hand, whereas
the Swedish and Australian methods apply an iterative approach that requires software.

A description of the lane flow allocation procedure used in each method follows.

2.2.1 Canadian Procedure

The Canadian (Teply, et al., 1995) method incorporates a five-step process to
estimate the distribution of traffic across shared lanes. The underlying assumption is that
equa flow ratios (v/s) will be achieved across the lanes where a choice exists. The
manual states that the equal flow ratio principle is used as a “surrogate”’ to reflect the
intention of drivers which is to join either the lane with shortest queue or the lane that
affords the least delay. The first step in the lane allocation procedure is to estimate the
saturation flow for each movement assuming that it operates from an exclusive lane. For
cases where permissive left-turns exist, the initial saturation flow estimation can account
for the opposing traffic, however the estimation assumes that the left-turn operates from
an exclusive lane. The saturation flows for the left-turn and right-turn movements are
divided into the saturation flow rate for the through movement to determine the through
equivalency factor k for each movement. The example provided in the guide assumes a

left-turn saturation flow of 600 vph and a right-turn saturation flow of 900 vph. Thus, the

L A choice lane refers to a case where a vehicle making a particul ar directional movement (left, through, or
right) can choose between multiple lanes.

10



resulting k factor for the left-turn movement is 1800/600 or 3.0 and the right-turn
equivalency is 1800/900 or 2.0.

The equivalency factors (k) are multiplied by the turning movement volumes to
obtain equivaent through passenger car flows for each movement. The total equivalent
through flows are summed across al movements and divided by the number of lanes to
determine the equivalent through flow per lane. The through traffic is distributed such
that the equivalent through flow rate of each lane is equal (equal flow ratio principle).
Lastly, the turning movement flows are multiplied by the k factor to convert the flows
back to normal passenger cars units from through passenger car units.

Once the volumes are assigned, the saturation flow rates are calculated for each
lane based on the general form of the saturation flow rate model shown in Equation 2.01.

The five-step lane distribution procedure is non-iterative and can be carried out by
hand. The shortcoming of the model is that the initial saturation flow estimates are
developed assuming exclusive lanes. Thus, the effect that the proportion of turning
traffic within a shared lane has on the lane’s saturation flow is not accounted for in the
lane flow allocation process. In readlity, the saturation flow for movements within shared

lanes is dependent upon the volume of the other movements in the lane.

2.2.2 Swedish Procedure
The Swedish method (Peterson, et al., 1995) alocates traffic to lanes where a

choice exists by assuming an equal degree of saturation (volume/capacity) across choice
lanes. It should be noted that for lanes with equal effective green times, lanes with equal

degree of saturation (v/c) will also have equal flow ratios (v/s).

11



The Swedish method uses an iterative procedure in order to achieve equal degree
of saturation across choice lanes. The first step of the allocation process is to develop the
non-ideal adjustment factors for each lane. Traffic is assigned to each lane such that the
sum of the turning movement volumes in each lane equals the total turning movement
volumes for the approach. Lane saturation flow rates are calculated based on the
assigned volumes. The volumes are adjusted until equilibrium is achieved or a defacto
turn lane results. The iterative procedure is necessary since the saturation flow rate of a
lane is dependent upon the composition of traffic in that lane. The Swedish manua states
that the assumption of equal degree of saturation has “not been validated as far as is

known.”

2.2.3 Australian Procedure
The Australian lane allocation procedure (Akcelik, 1981), which is carried out in

the SIDRA-2 (Akcelik, 1990) software program, uses an equa degree of saturation
deployment strategy identical to that described for the Swedish (Peterson, et al., 1995)
method. Again, the equal degree of saturation strategy is identical to the equal flow ratio
strategy for lanes that have the same effective green times.

A unique aspect of the Austraian model is that it accounts for the under-
utilization of a lane. Lane under-utilization may occur due to impedances at an
intersection (bus, parking, pedestrian blockages, etc.) or due to downstream influences
such as alane drop or a heavily used freeway access. SIDRA-2 accounts for lane under-

utilization through the use of alane-utilization ratio (r ;) shown below.

12



r=Y (204)

wherey; is the flow ratio for lanei and y is the flow ratio of the critical lane. Thus, alane
utilization of 1 indicates that all “choice’ lanes have equal flow ratios. A vaue less than
one indicates that lane i is less utilized than the critical lane.

In the discussion of the Australian procedure, Akcelik describes the allocation of
traffic across choice lanes as, in part, a behaviora issue (e.g., Why does a driver choose a
lane?) (Akcelik, 1989). It iswell stated in transportation literature that drivers attempt to
minimize their travel time on a given link (Papacostas and Prevedouros, 2001).
However, there are inherent differences in the decisions drivers make while traveling
from point A to point B. Route choice decisions are typically based on the shortest
perceived travel time. Intersection maneuvers, however, are more tactical and based not
only on minimizing perceived travel time but also on avoiding impedances at the
intersection (Akcelik, 1989). The Australian method applies the equal degree of
saturation criterion to best represent the “tactical” behavior of drivers at signalized
intersections. The equal degree of saturation method is applied assuming that drivers, in
general, will choose lanes with minimum congestion. Akcelik found that the equal
degree of saturation strategy gives a solution between the equal delay and equa queue
strategies (1989). Thus, the equal degree of saturation criterion does not result in

minimum delay (Akcelik, 1984).

13



2.3 LaneVolumePrediction M odels

Bonneson (1998) presents a model that estimates individual lane volumes and
saturation flow rates. Bonneson acknowledges that one factor that can reduce a lanes
saturation flow is the presence of turning movements in a shared through lane. The
sdower discharge rates of turning vehicles tend to discourage through vehicles from using
the lane when given a choice. Bonneson developed a closed-form model that estimates
the percentage of turning vehicles in a lane and the resulting saturation flow rate of the
lane. His model is based on the work of Lieberman (1980) who hypothesizes that drivers
will choose the lane that minimizes their perceived travel time. Bonneson, like Akcelik,
uses the principle of equal flow ratio to model this behavior. Bonneson determines the
percentage of turning traffic in a shared lane and its saturation flow based on the

following relationship:

av
MERE (2.05)
S o

as

i=1

where: v; =flow ratein lanei
s = saturation flow rate in lanei
n = number of through lanes on the approach
Bonneson notes in his paper that the equal flow-ratio approach is embedded in the
HCM procedures for shared lanes (as discussed earlier in this paper). However, he points
out that the HCM procedure does not account for the effect of right-turning traffic in the

adjacent lane. Thus, the amount of through traffic in the left-turn lane is likely

14



underestimated since high volumes of right-turning traffic would encourage more through
traffic to use the inside lane.

Bonneson developed a closed form solution that estimates the percentage of
traffic in a shared lane. The assumption is that the percentage of turning traffic in alaneis
independent of the level of subject and opposing volume. In addition, the Bonneson
distribution model accounts only for the effect of turning traffic. Effects of buses,
parking, pedestrians, etc. are not considered. The equations for calculating the proportion

of left-turning vehicles (P_) and right-turning vehicles (Pr) in each lane are shown below.

- 2 -
p - PP - 4ac) [o? - 4ac) £10 (2.06)

L 2a
with
9¢
a=R(E, - 1)F (2.07)
b=ReD + S P+ (EL - 1)29—f +(n- 1)fSH (2.08)
g 9g es a
égf g U
c=-Prée—+2L+(n-1)fq 2.09
LTgF 9 ( ) 5 ( )
R=1+P (Eg - 1) (2.10)
and
i+(n—1)fs
Pr = Py s : £1.0 (2.11)
fs- PRTgi-'_(n_ Z)fst'kER' 1)
s a

where:  E| = through headway equivalency factor for left-turn movement,
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Er = through headway equivalency factor for right-turn movement, and

fs = maneuver factor (default = 0.91).

In addition to developing a closed-form solution Bonneson introduces a lane
change probability factor to account for the likelihood that drivers will maintain their lane
position under low and high flow conditions. Bonneson theorizes that the probability of a
lane change is a function of the motive for a lane change (which increases as subject flow
increases) and the opportunity for a lane change (which decreases as subject flow
increases). The function used to estimate the probability of a lane change (pic) is shown

below:

.2
Ya 12 300 (2.12)
Nsc g

Pe=1- £2
where: v, = approach flow rate
n = number of lanes on the approach
Sc = maximum flow rate that will allow any lane changes.
The vaue s is represented by 3600/h: where hic is the minimum acceptable time
headway for alane change. Bonneson assumes a value of 4.0 seconds per vehicle for the
minimum acceptable headway factor in his analysis. Based on the function shown in

Equation 2.12, the maximum probability of a lane change (1.0) occurs when the lane

Va

change flow ratio ( ) isequal to 0.50. Assuming an h factor of 4.0 sec/veh (thus, sc

S

= 900 vph), the maximum lane change probability is achieved when the approach volume

equals 450 vehicles per hour per lane. The theory behind this concept is that under low
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flow conditions, drivers will maintain their lane position, irrespective of operating
conditions, since both lanes likely are operating well within acceptable levels of service.
However, under high flow conditions, drivers may want to change lanes but are unable to
simply because of alack of available gaps in the traffic stream. Thus, the optimum traffic
level for lane changing occurs at a medium volume level (in this case, 450 vphpl) since
under this condition drivers can reduce their delay by choosing an optimal lane and there
are plenty of gaps available to make a lane change. The p factor is applied to the right-

turn and left-turn equivalency factors as shown below.
E, =(E - )P +1 (2.13)
E.=(Ex-DP_ +1 (2.14)

The result is that under extreme low volume and high volume conditions, the
probability of a lane change approaches zero and the left-turn and right-turn equivalents
approach 1.0. Thisimpliesthat lane volumes are equal under these conditions.

Bonneson conducted a sensitivity analysis to test his model with field data;
however, the data were only collected at unsignalized intersections. He also performed a
sensitivity analysis using theoretical data and tested it versus the 1994 HCM method.
The analysis shows that the HCM overestimates the amount of through traffic in the

shared lane in comparison to the Bonneson method, thus underestimating the saturation

flow of the inside lane in the range of 100-200 vph.
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24 Summary of Review

The Highway Capacity Manual (Transportation Research Board, 1997) is the
most widely used methodology in the United States for analyzing signalized
intersections. Results are provided at the lane group level to avoid the need for obtaining
individual lane volumes. In order to account for volume differences across lanes in a
multi-lane lane group, a Lane Utilization Factor (LUF) is applied. The default values,
which are used most exclusively, are based on the number of lanes and configuration of
the approach. The default LUF values do not take into consideration impedances at the
intersection nor the level of traffic on the subject and opposing approaches.

To date, there are three signalized intersection analysis models that provide
individual lane performance: Canadian (Teply, et al., 1995), Swedish (Peterson, et al.,
1995), and Australian (Akcelik, 1981). The Canadian is the smplest method as it is non-
iterative and can be carried out in a single pass. The Swedish and Australian models are
iterative and use an equal degree of saturation (volume-to-capacity ratio) strategy to
alocate individual lane traffic. The equal degree of saturation strategy is identical to the
equal flow ratio strategy (which is used in the Canadian method) when the effective green
times for approach movements are equal.

Bonneson developed a closed-form model based on the work of Lieberman that
estimates the percentage of turning traffic in a shared lane as well as the saturation flow
rate of the shared lane. The model is based on the principle of equa flow ratio. The
model assumes that the proportion of turning traffic in a shared lane is independent of the

approach volumes. Bonneson introduces a lane change probability factor that accounts
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for conditions of low and high traffic where drivers, theoretically, are not likely to change
lanes.
Lastly, based on the literature review performed, there is no evidence of that field

validation has been performed for any of the lane flow alocation models.
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3.0 SUBGROUP-BASED METHODOLOGY

This chapter provides an overview of the subgroup saturation flow model for
signalized intersections. In addition, this chapter provides a discussion of each parameter
and includes an example that demonstrates how the subgroup method is applied. The
lane group saturation flows predicted by the subgroup and HCM methods are compared
for three examples. The comparison attempts to highlight the similarities and differences

between the two methods when both are applied using the same assumptions.

3.1 Glossaryof Terms

The following variables are used throughout this chapter:

= traffic subgroup designation

=  total number of subgroups

= index of a specific non-ideal condition related to traffic, geometry or control
= total number of non-ideal conditions

I= lane designation

L= total number of lanes on an approach
p=  proportion of total flow in F that occurs in subgroup f
=  average saturation headway for subgroup f
E=  through passenger car equivaent for subgroup f
he=  average saturation headway for the entire traffic group F
hi=  ideal through passenger car saturation headway
E= through passenger car equivalent for non-ideal condition j
Us= binary variable — equal to 1 if subgroup f is effected by non-ideal condition j, zero
otherwise
Es=  through passenger car equivalent for subgroup f under non-ideal condition |
M= number of turning movements serviced in lane |
C=  number of vehicle types serviced in lane |

gp=  effective green time for a protected turn (s)

=  effective green time for a through movement or permitted turn (s)

Eo= left turn passenger car equivaent in protected phasing (default = }6_95)
0q= timeit takesto clear the opposing queue in a permitted phase (s)

g = timeuntil the first left turn arrives in the subject lane (s)

E1= left turn passenger car equivalent in permitted phasing
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us= 1 if the approach opposing the left turn subgroup is in a single lane, zero
otherwise

Oaif= Opposing gueue green time remaining after the first left turn on the subject
approach arrives

Eo= left turn passenger car equivalent during opposing queue discharge from a single

opposing lane

Er= right turn passenger car equivalent

EL= left turn passenger car equivaent

E.r'= through passenger car equivalent for a through movement in a shared throughvleft
turn lane

= prevailing saturation flow rate
=  ided saturation flow rate

Ero= right turn passenger car equivalent in protected phasing (default = }6_85)

3.2 Subgroup Definition

A traffic stream is composed of individual vehicles that have unique time headway
characteristics. Attributes that influence the time headway of vehicles at signalized
intersections include the vehicle type, directiona movement, and lane the vehicle is
traveling in.  As discussed in Chapter 2, the Highway Capacity Manual develops
saturation flow estimations at the lane group (macroscopic) level. While this method is
simple to carry out, it essentially treats a group of lanes as a single traffic stream in which
every vehicle has the same headway. For cases where more fidelity is desired, a user
could apply a microsimulation model such as CORSIM (Federa Highway
Administration, 1996). Microscopic simulation models provide, arguably, the most
realistic representation of traffic flow. However, the benefits gained from using a
microsimulation model, particularly for a single, isolated intersection, are generally offset

by the costs of coding the mode.

The subgroup model provides performance measures at a level between a
microsmulation model and a macrosimulation model. By definition, a subgroup
represents the smallest unit for which a saturation flow rate can be computed. Thus, a
subgroup consists of a group of vehicles of unique type (car or truck) making a single
directional movement (left, through, or right) from one lane. The basic assumption is that
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each traffic subgroup within the approach has a fixed average headway at saturation. This
headway is formed from the inherent properties of each subgroup and is affected by the
non-ideal conditions that the subgroup is exposed to (e.g., parking, pedestrian conflicts,
opposing traffic, buses, etc.).

3.3 Basc Relationships

Based on the number of turning movements allowed in each lane (M), the number
of vehicle types in each lane (C)), and the number of lanes on an approach (L), the
maximum number of subgroups (F) on a single intersection approach can be estimated as

follows:

F=a M’ G (3.01)

=1

For example, a three lane approach serving passenger cars and trucks in which the
middle lane contains through-only vehicles, while the inner and outer lanes contain a

combination of through and turning vehicles will have
F=(2x2) + (152) + (2>2) =10 subgroups (see Figure 3.01). It should be noted that F can be
defined in any arbitrary manner chosen by the user. For example, it could include only
the through vehicle subgroups, in which case F=(1x2) + (1>2) + (12) = 6subgroups in this

example.
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Lane2 Lanel

P passenger car

P truck

&l
©

Subaroup Description

S; - RT car from Lane 1
S, - RT truck from Lane 1
S3- TH car from Lane 1
S4 - TH truck from Lane 1
S5- TH car from Lane 2
Sg - TH truck from Lane 2
S7- TH car from Lane 3
Sg - TH truck from Lane 3
So- LT car from Lane 3
Sy -LT truck from Lane 3

Notes: The shaded boxes represent turning vehicles; s; = subgroup i

FIGURE 3.01. [lustration of Subgroups
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The through passenger car equivalent for any subgroup f, is defined as:
hy

The average saturation headway for the combined subgroups 1,2,...f,...F is
computed from Equation (3.03).

F
he=ap; h (3.03)

f=1

Substituting (3.02) in (3.03) gives:
& . _ .
h-=a p; " E; " h (3.04)

Dividing both sides in Equation (3.04) by h; gives the through passenger car
equivalent for the subgroup combination, Er as shown in Equation (3.05) below.

h

EF =_F =

p; " E (3.05)

on

h

—
1

1

The through passenger car equivalent for each subgroup, E; is normally estimated
as the product of the individual equivalency factors due to the non-ideal conditions
effecting each subgroup. For example, if a subgroup consists entirely of left turning
trucks in a protected phase (assuming al other conditions are ideal), then E; for that
subgroup will be the product of Ev and E_, the through passenger equivaents for trucks
and for protected left turns, respectively. This approach assumes that the interaction
effects of non-ideal conditions are independent (Ej= E; x Ey). This rather strong
assumption needs further investigation and invites future research into the relationship
between the average subgroup passenger-car equivalent and the individual effects of non-
ideal conditions. Nevertheless, the framework presented in this paper is not technically
dependent on any particular functional form of Ej, which can be described in any

appropriate manner consistent with empirical evidence. For the sake of consistency with
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the 1997 HCM however, the multiplicative model form is retained in this mode,
resulting in the following estimate for E;.

2
e =0F, (3.06)
j=1

where, Ej; is the through passenger car equivalent for subgroup f under non-ided
condition j. Since a subgroup will either be affected or unaffected by a non-ideal
condition, (e.g., left turns in exclusive pockets are unaffected by parking on the curb

lane), this binary relationship can be best expressed as follows:
E,=U, E +@-U,)=1+U(E -1 (3.07)

where Uy is a binary variable that is equal to 1 if non-ideal condition j affects the
saturation headway for subgroup f (zero otherwise) and E; is the through passenger car
equivalent for non-ideal condition j (e.g. grade, lane width or parking, etc.).

Substituting (3.06) and (3.07) into (3.05) gives:

E 2
Er=a pfo{1+Ufj(Ej - 1)} (3.08)
=

Finally, by definition S== 1/hg where S= prevailing saturation flow rate and S=
1/h; isthe ideal saturation flow rate, and thus:

S _ S
S = £ - . (3.09)

a p, O{1+U(E, - 1}

f=1 j=1
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Equation (3.09) provides the means for estimating the prevailing saturation flow
rate for any combination (F) of traffic subgroups f=1,2,..., F that are subjected to the
effect of non-ideal conditionsj=1,2,....,J. It is important to note that the collection of all
subgroups (F) could be defined in any manner chosen by the user. This could be at the
lane, lane group, or approach level. The structure of the saturation flow rate model in
(3.09) is seemingly simple, requiring the measurement or estimation of only four
principal parameters:

1) the ideal saturation flow rate, or S,

2) whether a given non-ideal condition (j) has an effect on subgroup (f), or Uy
3) the through passenger car equivalent for non-ideal condition (j), or E;.

4) the fraction of total flow (F) which occurs in subgroup (f), or ps .

The first three parameters are derived from the 1997 HCM and can be applied
using the same input data required by the HCM. The fourth parameter (fraction of total
flow in each subgroup) is the critical element to the modédl; it is the point where the
subgroup model extends beyond the 1997 HCM procedures.  Without the presence of

field data, lane flow must be estimated for lanes where a choice exists.

3.4 ldeal Saturation Flow

Ideal saturation flow represents the average departure rate for through passenger
cars under ideal conditions. Typica values for idea saturation flow vary from 1800-
2100 pcphpl (Transportation Research Board, 1997)(Akcelik, 1981)(Peterson, et al.,
1995)(Teply, et al., 1995). The ideal saturation flow rate provides the foundation for
estimating saturation flow. The headway equivalency factors (discussed in the following
sections) are applied to the ideal saturation headway to estimate saturation flow of non-

ideal conditions.
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3.5 Binary Effect of Non-ldeal Conditions

The parameter U is a binary variable that is set to one if a non-ideal condition

exists (such as bus, parking, etc.) or zero otherwise. The term {1+U (E, - 1)} from

Equation 3.09 equals 1 if a saturation effect does not exist and E if an effect does exist.
Thus, for interior lanes that do not experience effects due to curb-lane impedances such
as parking maneuvers and bus stops, Us; is equal to 0 and the equivalency factor g is not
accounted for. This is an improvement to the 1997 HCM procedures that apply a
weighted average of the curb-side effect to an entire lane group (which implicitly
assumes that the volume in each lane is equal). Table 3.01 provides the conditions

required for U; to be equal to 1.0.

Table 3.01: Required Conditionsfor U; =1

Thecondition U; = 1 applies

Non-ldeal Condition j to the following subgr oups

Lane Width All subgroupsin the lane

Heavy Vehicles Truck subgroups

Grade All subgroups

Parking Subgroupsin the outer (curb) lane
Bus Blockage Subgroupsin the outer (curb) lane
AreaType All subgroups

Left-Turn Movements L eft turn subgroups

Right-Turn Movements Right turn subgroups

Through Movementsin Shared Through subgroupsin ashared
Through/Left-Turn Lanes through/left lane

3.6 Headway Equivalency Factors

The non-ideal through passenger car equivalents (also referred to as Headway
Equivalency Factors) are derived directly from the saturation adjustment factors in the
1997 HCM. These non-ideal effects include: lane width, heavy vehicles, approach grade,
on-street parking, bus blockage, area type, left-turn movements, right-turn movements,

and through movements in shared through/left lanes.

The following sections provide the equivalency factors for each effect. Note that
the equivalency factors presented below are time headway factors, not saturation flow
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factors as are used in the HCM. Thus, an equivalency factor of 1.5 represents a time
headway that is 1.5 times greater than that of a through passenger car.

3.6.1 LaneWidth

The lane width equivalency factor accounts for the detrimental effect that narrow
lanes have and the positive effect that wide lanes on saturation flow. The equivalency
factor for lane width, E, is as follows:

30
18+ w

w

(3.10)

where w is the lane width in feet. The input value of w ranges between 8 and 16 feet.

3.6.2 Heavy Vehicles

By definition, a subgroup consists of a group of vehicles of a single vehicle type.
Two vehicle types, cars and trucks, are used in the subgroup model discussed in this
section, athough more could be considered. The heavy vehicle equivalency factor, Ey,

for passenger carsis 1.0 (meaning no effect) and for trucksis 2.0.

3.6.3 Grade
The effects of approach grade are accounted for in the equivalency factor for
grades (Eg) as shown below.
200
E. = 3.11
© 200-G (311

where G = grade in percent. The input value of G ranges between —6 and +10.

3.6.4 Parking

The effect of parking applies only to the lane adjacent to the parking space. The
parking equivalency factor (E) typicaly is applied to the outside lane, although in the
case of one-way streets parking could be allowed adjacent to the inside lane. The parking

equivalency factor is applied if the presence of parking affects traffic flow in the adjacent
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lane. Therefore, the binary term U should be set to 1 (effect exists) even if no parking
maneuvers take place during the time period of the analysis, and the number of parking
maneuvers, Ny, should be entered as 0. The general form of the parking equivalency
factor is:

200

E,=———— 3.12
P 180- N_ (312)

where N, = the number of parking maneuvers per hour. The allowable range for Ny, is O-

180 parking maneuvers per hour, subject to E, £ 20.

3.6.5 BusBlockage
The bus equivalency factor (E,) accounts for bus blockage that takes place at

either the near side or far side of the intersection. Similar to the parking equivalency
factor, the bus equivalency factor is applied only to the curb lane. Thus, all interior lanes

have a U factor equal to O (no effect). The equivalency factor for buses follows:

250

=== 313
250- N, (313

b

where Np = number of buses stopping per hour. The allowable range of Np is 0-250,
subject to Ep, £ 20.

3.6.6 AreaType

The area type equivalency factor (Ear) is either 1.11 (lg) for intersections located

in Central Business Districts and 1 for all other intersections.

3.6.7 Right-Turn Movements

A generalized parametric model has been developed for right turn equivalency
factors. It covers al combinations of lane use (exclusive or shared) and right turn

protection (protected or permissive). By substituting the appropriate values, the model
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generates al 7 right turn cases given in Table 9-11 of the 1997 HCM. The general model
form is given below and applies to the right turn movement subgroups in the curb lane.

g, *9g
9, , @1 PEDSO

g9 E, 2100

ro

Eg = where, (3.14)

Op= effective green time in the protected phase (sec)

Ero= right-turn passenger car equivalent in protected phasing (%)

g= effective green time in the permitted phase (sec)

PEDS= pedestrians per hour conflicting with the right-turn movement
(£1700).

The right-turn equivalency factor is not to exceed 20 ( E; £ 20).

3.6.8 Left-Turn Movements

Similar to the right-turn model, a generalized parametric model has been
developed for left turn equivalency factors based on the 1997 HCM. In the left turn
equivalency model the green period is divided into various ‘time-glices to represent the
unique departure rates that occur over the entire period. Figure 3.02 illustrates three of
these periods:. the protected green period (gp), the opposing queue clearance period Qg);
and the permitted (unsaturated) green period (g,). Note that in this example, the opposing

queue clearance time is greater than the time until the first left turner arrives (gq > o).

During the g, period, vehicles depart at headways equal to the protected left-turn

phasing equivalency (&) times the ideal headway hi. Period #2 (@) represents the

initial permitted portion of the phase when the opposing queue is clearing. Thus, no left-
turn departures occur during this period.
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FIGURE 3.02. Departure Pattern for Left Turning Vehicles

During the unsaturated opposed period (gy), vehicles depart at headways equa to
the permitted left turn equivalency rate (Ei1) times the ideal through headway.

The left-turn equivalency model converts the actual departure headways for |eft
turns (shown in the top portion of Figure 3.02) into a single equivalent departure

headway (shown in the bottom portion of Figure 3.02).

From Equation 3.02, the equivalency factor for a non-ideal condition is
determined by dividing the average headway h, by the ideal headway h; as shown in
Equation 3.15.

h
E=2 3.15
h (3.15)
The average headway is the time during which vehicle departures can occur

divided by the number of vehicle departures N as shown below.

_9p*g

h, N

(3.16)

Expressing the number of departures in terms of green time divided by headway

for each period yields the following:
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9e

h+&_ (3.17)

hgu

N =
p

Combining Equations 3.17 into 3.16 gives:

L _9p*9_ 0p*9 _ Gp+9 (318
: N g_p+g_u —gp +—gu

Finally, substituting Equation 3.16 into 3.15 yields the left-turn equivalent factor

for this example.

g, *tg
9,0
EIO EIl

h
h— =E, = (3.19)

Equation 3.19 represents the left-turn equivalency factor for a case where the left-
turn movement is opposed by a multi-lane approach and the opposing gqueue clearance
time is greater than the time it takes until the first left turn arrives. To account for the
effect that a single-lane opposing approach has on the left-turn movement, the following
term is added to the denominator:

&g X e 9

T (3.20)
EI 2 7]

where: us = 1 if the opposing flow occurs from a single lane (O otherwise)
Quiff = OPPOSINg queue green time remaining after the first left turn arrives (sec)
B, = through passenger car equivalent for left turns when opposing queue
discharges from a single lane.

- Max(g,,9;)0
term is represented bygaEg (. gf)% to account for cases

L1 B

9,

L1

Additionaly the

where g > g;. The complete form of the left-turn equivalency model is given below.
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g,*9
N g- Max(g,,9¢) N Us” Qg
E. E.

E, , Where (3.21)

9
ElO

3.6.9 Through Movementsin Shared Through/Left-Turn Lanes

The presence of left turn vehicles in a shared lane affects the rate of discharge of
through traffic in that lane. Until the first left turn arrives (g period), through traffic
discharges at its normal rate which is equal to the idea saturation headway h; (through
passenger car headway). From the time the first left turn vehicle arrives to the time the
opposing queue clears, through traffic is blocked reducing the effective saturation flow of
the through movement to O for that period. After the opposing queue clears and left
turning vehicles wait for gaps in the opposing stream (g, period) through vehicles depart
a their ideal headway hi. Figure 3.03 illustrates the departure pattern for through

vehicles.

Actual through ’
departures

AN

gq » du

IRk
N
rd
N
N

1 2 . N
Average through ’ \ \ \ \ \ \ \
departures g

Op ¢ Jq > Gu

FIGURE 3.03. Departure Pattern for Through Vehicles
from a Shared Through/L eft Lane
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The equivalency factor for through vehicles in a shared through/left lane is
derived similar fashion to the left turn equivalency factor. The average headway for
through vehicles h, is determined by dividing the available green time by the number of
departures N as shown in Equation 3.16. The number of through vehicle departures N
from a shared through/Ieft lane is represented as follows.

node, 9 Max(g, - 9;.0)

N ; (3.22)

Combining Equations 3.22, 3.16 and 3.15 yields the equivalency factor for
through movement subgroups in shared through/left lanes, as shown below.

g,*9
gp+g- Max(gq- gf10)

E, = (3.23)
Note from (3.23) that if gr > gq, E.r' = 1.0, meaning that left turns do not block
through movements at all.

3.7 Fraction of Total Flow in Each Subgroup

The ability to acquire or estimate subgroup-level traffic data is critical to the
success of the subgroup method. By definition, a subgroup flow consists of a lane-
volume count by turning movement and vehicle type. The fraction of subgroup flow (py)
is required in order to estimate saturation flow from Equation 3.09. Normally, such
detailed count data are not available and would be expensive to collect. Further, in the
case of future year analyses these data are unknown. For a simple case (e.g., an approach
that consists of one left-turn lane, one through lane, and one right-turn lane), subgroup
flows can be determined if the turning movement volumes and percentage of heavy
vehicles are known. For a more complicated approach that includes choice lanes (two or

more lanes that accommodate one turning movement), individual lane flow are required.



The selection of lanes when given achoice is largely a behavior issue. As drivers
approach an intersection they are faced with two options: stay in the lane they are in or

change lanes. A driver may choose to stay in alane because:
the benefit of changing lanes is negligible;
a downstream maneuver needs to be performed from the current lane; or
the approach is too congested to change lanes.
On the other hand, a driver may choose to change lanes to:
avoid congestion and/or impedances, or
perform a downstream maneuver.

These behavioral choices can be generalized as a function of three factors:
approach congestion, downstream effects, and lane impedances. Developing a
mathematical model to simulate driver behavior proves difficult. Calculations of
approach congestion can be performed, but at what level do vehicles find it necessary to
change lanes? Likewise, the effect that lane impedances have on lane flow distribution
can be observed in the field, but again, at what point do drivers feel that changing lanesis
beneficial? This thesis attempts to answer these questions.

3.7.1 Mathematica Lane Distribution Model

Mathematically, the flow across lanes can be estimated by minimizing the
objective function (Z) which is the squared difference of the selected objective criterion

(c) between lanes | and | for al choice lanes L’. The genera form of the objective

function is shown below.

e L-1 . . 0
Min‘éz -a a IL:M(i— ﬂ)zj where, (3.19)
e iz & A g
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a is an under-utilization factor that ranges from O (no one uses the lane) to 1.0
(the lane is fully utilized). By definition, at least one of the choice lanes on an approach

must have an under-utilization value of 1.

The model shown in Equation 3.19 accounts for two factors that affect the
distribution of traffic across choice lanes. downstream effects (represented by lane under-
utilization) and lane impedances. Based on the literature review performed, only the
Bonneson model attempts to account for the effect that approach congestion has on the
probability that a vehicle will change lanes. Although this effect is not accounted for in
the subgroup model, the field data analyzed in this thesis provide insight into the

behaviora characteristics of drivers at various levels of congestion.

A genera discussion of lane under-utilization and lane impedances is provided,
followed by a presentation of the lane flow distribution process. The section concludes

with a numerical example.

3.7.1.1 Lane Under-Utilization
The under-utilization factor accounts for pre-positioning effects due to

downstream influences. Downstream influences include freeway on-ramps, lane drops,
turn-only lanes, and heavily used access roads or driveways. The under-utilization factor
(@) provides an adjustment to the lane distribution criterion €). To demonstrate the

effect of the lane under-utilization factor, consider a two-lane approach where:
the saturation flow rates in both lanes is equal to 1,600 vph,
the total approach volumeis 1,200 vph,
the under-utilization factor of lane 1 is 1.0,
the under-utilization factor of lane 2 is 0.6, and
alane distribution criterion of equal flow ratio is used.

In this example, the objective function Z would be formulated as follows:
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- subjectto: v, +v,=1200 , v, 2 0and v, 3 0

Minimizing Z (which goes to zero in this case) results in v = 750 and » = 450.

The resulting flow ratio for lane 1 is 75%600 =0.469 and the flow ratio for lane 2 is

45%600 =0.280 . Thus, an under-utilization ratio of 0.6 indicates that lane 2 experiences a

flow ratio that is 60% of the flow ratio of lane 1.

Field data are required to determine the effects that a downstream condition has
on the pre-positioning of traffic at the upstream intersection. Some calibration of lane
utilization factors have been developed in SIDRA (Akcelik, 1990). In addition,
Bonneson has collected field data at interchanges to demonstrate the effect that pre-
positioning has at ramp terminals (1997). It should be noted that the effect of pre-
positioning, or lane under-utilization, was not analyzed as part of this thesis. The
difficulty with developing under-utilization factors is that the degree of under-utilization
due to a downstream effect is largely dependent upon the characteristics of the effect
(e.g., the percentage of traffic that uses an on-ramp or turns into a driveway access).
Development of an effort to determine under-utilization factors is recommended as part

of future development of the subgroup model.

3.7.1.2 Lane Flow Distribution Criteria
A factor that affects the distribution of traffic across choice lanes is the presence

of non-ideal saturation flow effects. On the outer (curb) lane, these include the presence
of conflicting pedestrians, on-street parking, and bus stops. If there is a noticeable
presence of either pedestrians, parking, or bus stops, through traffic on a multi-lane
approach will often shift to an inside lane to avoid the high delay that is incurred on the

curb lane.

Permitted left-turn movements that occur from shared lanes also impede lane

flow. Through traffic at an approach with a shared through/left lane and a through-only
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lane will likely shift to the through-only lane to avoid potential lane blockage caused by
the left-turning vehicles that are waiting for a gap in the opposing traffic stream. In the
case of high opposing volumes, al through traffic may shift to the through-only lane
resulting in a de-facto left-turn lane.

The lane distribution effects described above are a function of the operational
characteristics of the intersection. The distribution of traffic across choice lanes due to
intersection impedances can be estimated by stipulating that an operational criterion is
met across the choice lanes (referred to as a lane distribution strategy). Five potential

lane distribution strategies are:

1) equa back of queue,

2) equa lane delay,

3) equal lane cycle-average queue,
4) equa lane volume, and

5) equal lane-flow ratio.

As discussed in the Chapter 2, the Australian, Canadian, and Swedish methods all
employ an equal flow ratio strategy.

Although the effect of lane impedance is described in terms of intersection
operations, the choice that drivers make remains behaviora. Thus, one question worth
asking when choosing a lane distribution strategy is “Do drivers actualy behave
according to the chosen strategy?” Short of performing a human factors experiment, this
guestion is difficult to answer. Field data can be collected and statistical analyses can
determine the best fitting model; however, do drivers approaching an intersection
interpret the delay or flow ratio of each choice lane? Based on the five strategies listed
above, the most instinctive choice perhaps is the equal back of queue strategy since

gueues are distinguishable to drivers.

As mentioned in Chapter 2, there have been, to the author's knowledge, no
verification studies of lane distribution strategies performed with field data. A goal of

38



this thesis is to provide justification based on a field evaluation as to the lane distribution
strategy that best represents actual driver behavior.

3.8 Lane Flow Allocation Process

The lane flow allocation process can be carried out in a nine-step process as
illustrated in Figure 3.04 and is described below.

Step #1: Specify Lane Deployment Criterion

The first step in the allocation process is to specify a lane deployment criterion.
The following criteria are evaluated in this thesis: equal back of queue, equal delay, equal
flow ratio, equa cycle-average queue, equal lane volume, and the Bonneson method. A
goal of thisthesisis to evaluate the performance of all six criteria under various operating

conditions.

Step #2: Set Initial Lane VVolume Distribution

Before lane saturation flow rates can be calculated, it is necessary to develop a set
of initial lane volumes. Although various initia assumptions could be used, the analyses

performed as part of this thesis all assume an initial condition of equal lane volumes.

Step #3: Define Subgroups

Once an initial volume distribution is made, the subgroup for each approach is
defined. As discussed earlier in this section, a subgroup is defined as a single vehicle
type (car or truck) making a directional movement (left, through, or right) from a single

lane.

Step #4: Calculate Subgroup HEF's

Using the volume and geometric characteristics of the intersection, the headway
equivalency factors for each of the nine non-ideal conditions discussed in Section 3.6 are
calculated for each approach. The equivalency factors are derived directly from the 1997
HCM saturation flow adjustment factors.
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Step #5: Calculate Lane Saturation Flow Rates

Using Equation 3.09, the saturation flow rate for each choice lane is calculated. It
should be noted that this step is identical to Step #8, with the exception that it is only
performed for choice lanes. The initial lane volume distribution from Step #2 is used to
calculate the proportion of subgroup flow in each lane (pf) and the Headway Equivalency
Factor’s calculated in Step #4 are applied to all subgroups when the effect of the non-
ideal conditionispresent (U = 1). In addition, an ideal saturation flow rate is required in
this step. The analyses presented in this thesis all assume an ideal saturation flow rate of
1900 vph.

Step #6: |s Selection Criterion (Equilibrium) Met?

Once the saturation flow rate for each lane is known, the measure of effectiveness
relating to the lane distribution criterion chosen in Step #1 (e.g., delay, flow ratio, back of
gueue, etc.) is calculated for all choice lanes. This step is identical to Step # 9, with the
exception that it is only performed for the choice lanes. If the criterion is met, no
adjustment to the lane volumes is required and the analyst can proceed to Step #8. If the

criterion is not met, an iterative is required beginning in Step #7.

Step #7: Adjust Lane Volumes — Repeat Step #5

The iterative approach between Steps #5-7 is required because of the non-linear
form of the solution. In this step, the movement with choice (typically the through) is
increased in the lane that “over performs’ (the lane with a lower delay, flow ratio, queue,
etc. than the other choice lane) and decreased in the lane that “under performs.” This is
subject to the constraint that the sum of the volumes in each lane equals the through
volume for the approach. After each increment, new lane volumes are determined and a
new saturation flow for each choice lane is calculated. This process continues until the
lane distribution criterion is met, meaning equilibrium has been achieved. Software is

required in order to efficiently carry out this process.
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Step #8: Aggregate Saturation Flows at the Lane/Lane Group Levels

Once the lane distribution criterion is met for the choice lanes, the saturation flow
rates for all lanes are calculated. The lane saturation flows can be aggregated at the lane
group level by caculating the fraction of subgroup flow in the lane group as opposed to
the lane. The example provided in this section demonstrates how lane and lane group

saturation flows are calcul ated.

Step #9: Calculate Capacity, MOE'sand LOS

The capacity for each lane/lane group is calculated based on Equation 9-3 of the
1997 HCM (c, =S5, gg%g). The average control delay for each lane/lane group is
determined based on Equation 9-22 of the 1997 HCM:
d=diPF+ b + s (3.20)
where: di = uniform control delay (1997 HCM Equation 9-23)
PF = uniform delay progression adjustment factor (1997 HCM Equation 9-24)
d2 = incremental delay (1997 HCM Equation 9-25)
ds = residua demand delay

The level of service for each lane/lane group is determined based on the criteria
set in Table 9-1 of the 1997 HCM.

Other measures calculated include the cycle-average queue which is a product of
the delay and volume of the lane/lane group. In addition, the average back of queue and
95" percentile back of queue is calculated based on the procedures described in Appendix
G of the 2000 HCM.

It is important to note that delays calculated at the lane level and aggregated at the
lane group level may be greater than lane group level delays due to the capacity term in
do.
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3.9 Sample Calculation

The numerical example that follows demonstrates how the subgroup method and
flow distribution procedure (shown in Figure 3.04) is implemented. The example is taken
directly from Sample Calculation #1 of the 1997 HCM.

3.9.1 Description of HCM Calculation #1

Sample calculation #1 involves a four-legged intersection with shared lanes on
each approach in a CBD area (Figure 3.05). There are no effects of grade or parking on
any of the approaches. Each right-turn movement has a conflicting pedestrian volume of
100 pedestrians per hour. All left-turn movements are permitted and each approach is
treated as one lane group.
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FIGURE 3.05. 1997 HCM Sample Calculation #1: Volume and Geometric Data
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The eastbound and westbound approaches each include a shared through/right-
turn lane and a shared through/left-turn lane. Thus, since the through traffic on these

approaches has the option of using either lane, these are referred to as “choice” lanes.

3.9.2 Step #1: Select Lane Distribution Strategy

The first step of the analysis is to choose a lane distribution strategy in order to
allocate the through traffic on the eastbound and westbound approaches. As part of this
analysis, four lane distribution criteria were evaluated to determine the strategy that
appears most appropriate for this example. The four strategies include: equal lane delay,
equa cycle-average queue, equal lane volume, and equal flow ratio. The objective
function Z, shown in Equation 3.19 was minimized under al four cases assuming an
under-utilization factor of 1.0. The resulting lane delays for the eastbound approach of
HCM Calculation #1 are provided for each of the four distribution strategies in Figure
3.06.
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FIGURE 3.06. Lane Delay by Distribution Strategy —HCM Sample Calculation #1



As shown in Figure 3.06, the equal volume strategy results in the largest
discrepancy of lane delays. By definition, the equal delay method results in equal lane
delays. From the figure, the equal-flow ratio method appears to be a reasonable strategy
asit represents roughly an average of the equal queue and equal delay strategies. Further,
the equal flow-ratio strategy is used in the Australian, Canadian, and Swedish capacity
guides. Thus, the equal flow ratio analysis is used to estimate the lane flows for this
example.

3.93 Step #2: Set Initial Lane Volumes

The second step involves setting an initia lane volume distribution for the
eastbound and westbound approaches. For this case, the initial volumes are set so that

the lane volumes on each approach are equal. Thus, for the eastbound approach, the

volume for each lane is the total adjusted volume ( % =800 ) divided by two, or 400 vph,

3.9.4 Step #3: Define Subgroups

Table 3.02 provides a description of all subgroups for this example. The
eastbound and westbound approaches each consist of 8 subgroups and the northbound

and southbound approaches each consist of 6 subgroups.
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Table 3.02: Detailed Subgroup Calculation: HCM Sample Calculation #1

1%

Saturation Percentile
Approach _Lane Subdroup TM Vehicle JAdj. Volume SG Fraction | Fauivalencv Eactor] Flow Rate | Groun Eactor Sat Flow

1 RT Car 37 0.062 1.432 1327 0.089

1 2 RT Truck 2 0.003 2.863 664 0.010 1549
3 TH Car 528 0.887 1.149 1654 1.020
EB 4 TH Truck 28 0.047 2.298 827 0.108
5 TH Car 126 0.615 1.560 1218 0.959

2 6 TH Truck 7 0.034 3.121 609 0.107 533
7 LT Car 68 0.332 6.748 282 2.238
8 LT Truck 4 0.020 13.496 141 0.263

EB APPROACH SUMMARY 800 - - - - 2081
9 RT Car 21 0.0436 1.432 1327 0.062

1 10 RT Truck 1 0.0021 2.863 664 0.006 1558
11 TH Car 437 0.9066 1.149 1654 1.042
WB 12 TH Truck 23 00477 2.298 827 0.110
13 TH Car 302 0.8604 1.149 1654 0.989

2 14 TH Truck 16 0.0456 2.298 827 0.105 1132
15 LT Car 31 0.0883 5.875 323 0.519
16 LT Truck 2 0.0057 11.750 162 0.067

WB APPROACH SUMMARY 833 - - - - 2690
17 RT Car 20 0.0428 1.259 1510 0.054
18 RT Truck 2 0.0043 2.517 755 0.011

NB 1 19 TH Car 378 0.8094 1.010 1881 0.818 1364
20 TH Truck 33 0.0707 2.020 941 0.143
21 LT Car 31 0.0664 4.642 409 0.308
22 LT Truck 3 0.0064 9.283 205 0.060

NB APPROACH SUMMARY 467 1.0000 - - - 1364
23 RT Car 52 0.0780 1.259 1510 0.098
24 RT Truck 4 0.0060 2.517 755 0.015

SB 1 25 TH Car 522 0.7830 1.010 1881 0.791 1475
26 TH Truck 45 0.0675 2.020 941 0.136
27 LT Car 40 0.0600 3.441 552 0.206
28 LT Truck 4 0.0060 6.883 276 0.041

SB APPROACH SUMMARY 667 1.0000 - - - 1475




3.9.5 Step #4: Calculate Headway Equivalency Factors

The Headway Equivalency Factors are summarized for each subgroup in Table
3.02. Note that the “Fixed” factors include the product of the lane width, bus, parking,
area type, grade, and heavy vehicle factors. The “Overal” HEF represent the product of
the individua fixed, right-turn, left-turn, and through equivalency factors. As Table 3.02
shows, Subgroup #1 has an overall HEF of 1.432 and Subgroup #2 has an overall HEF of
2.863.

3.9.6 Steps#5-#7: Caculate Lane Saturation Flow Rates, Iterate until Deployment
Criterion (Equilibrium) is Met
The iterative process that is required to achieve equilibrium (Steps #5, 6, and 7) is
not shown since each iteration includes a separate saturation flow calculation for each
lane. In this process, the through traffic is incremented in the lane that has the lower flow
ratio (thus reducing the through traffic in the other lane) until the flow ratio in each lane
is equal. The subgroup volumes shown in Table 3.02 represent the “equilibrium” state.

37+2+528+28

The flow ratio for lane 1 of the eastbound approach is =0.384 , and the flow

ratio for lane 2 of the eastbound approach is 287+ 8*4

0.384.
3.9.7 Step #8: Aggregate Saturation Flows at the Lane/Lane Group Levels

The saturation flow rates for each lane (Step #8) are calculated as follows. For
the case of Subgroup #1, the proportion of subgroup flow (ps), or the Subgroup Fraction

is the subgroup volume divided by the lane volume (% =0.062 ). The subgroup fraction

is multiplied times the product of the headway equivaency factors
(1.149:1.246:1.0:1.0=1.432) to obtain the percentile group factor (0.062:1.432 =0.089). The
percentile group factors for al subgroups in Lane 1 are summed and divided into the
ideal saturation flow rate (1900 vph) to arrive at the adjusted lane saturation flow rate
(1549 vph) per (3.09). Subgroup saturation flow rates are determined simply by dividing
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the ideal saturation flow rate by the Overall Headway Equivalency Factor. The lane
group saturation flow rates are calculated similarly to the lane saturation flows, except
that the subgroup fraction is calculated based on the amount of subgroup traffic in the
lane group rather than the lane.

3.10 Comparisons with HCM

The saturation flow rates developed using the subgroup method (shown in Table
3.02) are aggregated at the lane group level and compared with results produced using the
1997 HCM method. In addition, a comparison of lane group saturation flows is provided
for Sample Calculation #2 and #3 of the HCM (the detailed subgroup worksheets for
these examples are located in the Appendix A). The purpose of these comparisons is to
show the similarities and differences between the subgroup and HCM methods when they
are applied using the same assumptions. Under ideal conditions, both methods should
give similar results. With the presence of impedances such as bus stops and parking, it is
expected that the two methods will produce dlightly different results due to the equal lane
volume assumption that isimplicit with the HCM adjustment factors (see Chapter 2.1).

3.10.1 HCM Sample Calculation #1

Table 3.03 provides a comparison of lane group saturation flows developed using
the subgroup and HCM methods for the first HCM sample calculation.
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Table 3.03: Lane Group Saturation Flow Rate Comparison - HCM #1

| ntersection Characteristics

#of Parking Bus L eft
Lanes LW HV Man./ Stops/ Peds/ Turn
Approach L T R (ft) % PHF  Grade Hour Hour Hour  Phasing

EB s 2 s 1 5 0.90 0 N 0 100 Perm.
wB s 2 s 11 5 0.90 0 N 0 100 Perm.
NB s 1 s 15 8 0.90 0 N 0 100 Perm.

B s 1 s 15 8 0.90 0 N 0 100 Perm.

Lane Group Saturation Flow Rate Comparison (vph)

Lane Group Subgroup Method 1997HCM Method % Difference
EB LT/TH/RT 2081 2118 -1.75%
WB LT/TH/RT 2690 2681 0.34%

NB LT/TH/RT 1364 1454 -6.19%

SB LT/TH/RT 1475 1466 0.61%

s—shared lane

As shown in Table 3.03, the subgroup method produces saturation flows within
two percent of the HCM method for all lane groups, with the exception of the
Northbound lane group. A review of the saturation flow calculation for the northbound
approach reveals that the differences in saturation flow are attributable to differences in

the right-turn and left-turn factors of both models.

Conceptuadly, the adjustment factors for turning movements are quite different
between the two models. The HCM applies a single adjustment factor for left- and right-
turn factors to the entire lane group. The subgroup method, on the other hand, applies the
effect of turning movements in proportion to the volume within each turning movement
subgroup. Fundamentally, the subgroup method is superior since the effect of a turning

movement is dependent on the volume of the turning movement.

For shared lanes, such as the northbound approach in this example, the effects of
left- and right-turn movements are interdependent. This is not accounted for in the HCM
model. Thus changes in the proportion of turning movements can lead to great variations

in saturation flow estimation.

An anaysis was performed assuming zero right-turning traffic for the northbound
approach of Sample Calculation #1 to test the sensitivity of the right-turning movement
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factor of the two models. In this case, the HCM method predicts that the elimination of
the right-turn traffic will result in a 12% increase in saturation flow. On the contrary, the
subgroup method predicts that the saturation flow will remain approximately the same.
Because the right turns make up only 5% of the approach traffic, it seems unreasonable
that eliminating the movement would improve the saturation flow by 12% as the HCM
predicts. This example demonstrates one of the weaknesses of the HCM model which is
the overestimation of the impact of right-turning traffic from a single lane.

3.10.2 HCM Sample Calculation #2

The second example involves the intersection of a one-way street in the
northbound direction and a two-way street in the east-west direction. Figure 3.07 shows

the lane configurations and volumes for this example.
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FIGURE 3.07. 1997 HCM Sample Calculation #2: Volume and Geometric Data
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The east-west approaches have bus stops and conflicting pedestrians. The phasing
for the eastbound left-turn movement was analyzed under three scenarios. (a) protected +
permitted, (b) protected, and (c) permitted + protected. Table 3.04 provides the
intersection characteristics and saturation flow rate summaries.

Table 3.04: Lane Group Saturation Flow Rate Comparison - HCM #2

I ntersection Characteristics

#of L eft
Lanes |Lw HV Parking Bus Peds’  Turn
Approach L T R (ft) % PHF Grade ManJ/Hr Stops/Hour Hour Phasing
EB 1 2 - 12 10 095 0 N 20 50 *
wB - 2 s Iz 10 095 0 N 20 50 -
NB s 2 s 12 5 0.95 -2 20 0 50 Prot.
Lane Group Saturation Flow Rate Comparison (vph)
Lane Group Subgroup Method 1997HCM Method % Difference
EB TH 3316 3151 5.24%
EB—LT (case a) 546 - -
EB —LT (caseb) 1641 1641 0.00%
EB —LT (casec) 735 - -
WB TH/RT 3231 3082 4.83%
NB LT/TH/RT 3058 3084 -0.84%

s=shared lane
* The eastbound left-turn movement was analyzed under three phasing scenarios: (@) protected +
permitted, (b) protected and (c) permitted + protected.

Table 3.04 shows that the calculated saturation flow rates under the subgroup
method are within one percent of the HCM values for two of the four lane groups. The
eastbound through and westbound through/right lane group saturation flow rates are
approximately 5 percent higher than the calculated HCM values. These differences are
attributable to the fact that the HCM assumes equa lane volume when applying the bus

adjustment factor to multi-lane lane groups.

3.10.3 HCM Sample Calculation #3

The third sample calculation in Chapter 9 of the HCM involves an intersection in
a CBD of two five-lane streets, each with an exclusive left-turn lane, a through lane, and

a shared through right-turn lane. Figure 3.08 illustrates this example.
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Other Data

PHF = 0.85 E/W; 0.9 N/S
HV = 5% E/W; 2% N/S
AreaType= CBD

source: 1997 HCM; Figure 9-53

FIGURE 3.08. 1997 HCM Sample Calculation #3: Volume and Geometric Data

Parking is alowed on the eastbound and westbound approaches and al right turns
experience conflicting pedestrian movements. No other non-ideal conditions exist. Table
3.05 provides the intersection characteristics and the saturation flow rates for al lane
groups using the subgroup and HCM methodologies.
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Table 3.05: Lane Group Saturation Flow Rate Comparison - HCM #3

| ntersection Characteristics

# of Bus
Lanes LW Parking  Stops/ Peds/  Left Turn
Approach L T R (ft) HV% PHF Grade Man./Hr Hour Hour Phasing
EB 1 2 s 10 5 0.85 0 5 0 200 Perm.
wB 1 2 s 10 5 0.85 0 5 0 200 Perm.
NB 1 2 s 12 2 0.90 0 N 0 50 Prot +Perm.
SB 1 2 s 12 2 0.90 0 N 0 50 Prot +Perm.
Lane Group Saturation Flow Rate Comparison (vph)
Lane Group Subgroup Method 1997HCM Method % Difference
EB TH/RT 2600 2675 -2.80%
EBLT 317 317 0.00%
WB TH/RT 2777 2823 -1.63%
WB LT 561 561 0.00%
NB TH/RT 3317 3323 -0.18%
NB LT 519 * -
SB TH/RT 3300 3302 -0.06%
SBLT 278 * -

s—shared lane
* The 1997HCM procedures do not cal cul ate saturation flow movements for protected + permitted
movements

Table 3.05 shows that the saturation flow rates for al lane groups using the
subgroup methodology fall within 3-percent of the HCM saturation flow rates. This
similarity is expected because of the lack of curbside impedances at the intersection and

that the assumption of homogeneous conditions appears valid for this example.

3.10.4 Summary of HCM Comparisons

A comparison of three examples shows that the subgroup method produces
saturation flows within 6% of the HCM method when aggregated at the lane group level.
This gives credibility to the subgroup approach for estimating saturation flow. The
benefit of applying the subgroup method is that additional insight is provided beyond a
standard HCM analysis. In particular, the subgroup method provides results at the
individua lane level.
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Slight differences were found between the methods regarding the right- and left-
turn factors for single lane approaches and the bus adjustment factor for multilane
approaches. The differences in the turning factors are due primarily to the fact that the
HCM applies the effects of non-ideal conditions to the entire approach, not just the
proportion of traffic that is affected by it. The differences due to the bus factor are a

result of the Highway Capacity Manua’s assumption of equa lane volume across lanes
within a lane group.



40 LANEVOLUME FIELD DATA COLLECTION AND ANALYSIS

A key element of the subgroup method is the estimation of lane volumes. To
date, there has been no field validation studies of lane distribution strategies. In order to
evaluate the lane distribution strategies however, individual lane volume data must be
collected from the field. This chapter summarizes the effort that was undertaken to

collect lane volume data and provides an analysis of the field data.

4.1 Purpose

The purpose of the data collection effort was to obtain field data that can be used
to evaluate various lane distribution strategies as part of the subgroup lane distribution
model. As mentioned throughout this report, three countries have developed lane-by-lane
analysis procedures (Australia, Canada, and Sweden), each of which apply an equal flow-
ratio strategy. None of the countries, though, have undertaken a data collection effort to
validate the flow-ratio strategy against field data. Data collected as part of this thesis will
attempt to validate various lane distribution strategies and provide insight into the level of
accuracy that can be achieved in the estimation of individual lane flows. The data will
also be used to develop an empirical field data model to estimate lane volumes.

4.2 Desred Criteria

The data collection effort focuses on sites where lane distribution is affected by
non-homogenous, non-ideal conditions. These effects can include bus stops, parking
maneuvers, conflicting pedestrians, right-turn movements from shared lanes, and
(permitted) left-turn movements from shared lanes. Of these effects, left-turn movements
from shared lanes appear to consistently have the most significant effect on the
distribution of traffic. Thus, the data collection effort focus exclusively on intersections
that include permissive-shared left-turn lanes.
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Further, the data collection effort focus on two-lane approaches in order to
simplify the data collection process and because there are fewer intersections with three
and four lane approaches that include shared turns (particularly shared-permissive left

turns).

In order to obtain unbiased lane distribution data it is necessary that the selected
intersections operate in isolation from the remainder of the system. The intersection must
be free of upstream or downstream effects that may cause drivers to favor one lane over
the other. It is also desired that platooning at each site is minima since under these

conditions drivers are likely to stay in the lane they are currently in.

Intersections that operate with pre-timed signal control are preferred. Comparing
lane distribution data at sites with pre-timed controllers eliminates the effect that
variations in signa timing may have on distribution. Further, intersections with “fixed”

operations simplify the data collection and analysis process.

It is aso desired to choose sites that include impedances aside from permissive
left-turning vehicles, such as pedestrians, bus stops and parking maneuvers. ldedly, a
portion of the sites chosen would include pedestrian, bus and/or parking effects while the
remainder do not. Data from these sites would aso provide insight into the validity of
the HCM-based right-turn, bus and parking equivalency factors that are utilized in the
subgroup method.

Lastly, it is desired to collect data at approaches that experience moderate to high
levels of congestion. The signalized intersection analyses typically focus on peak hour
operations. It is during these highly congested periods that analysts are most interested in
evaluating lane performance (including queues and delays). The effect of lane
distribution and lane impedances on traffic operations during non-peak periods is less
critical and oftentimes not an issue since the delay (and frustration) experienced by
drivers during this time is minima. Further, the implication of using one lane
distribution strategy over another is likely going to be most significant under high volume

conditions.
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4.2.1 Summary of Desired Criteria

In summary, the following intersection conditions and characteristics are desired

when selecting sites for collecting lane volume distribution data:
two-lane approaches,
shared, permissive left-turn movements,
pre-timed controller,
isolated operations,
effects of pedestrians, and

moderate to high congestion levels.

4.3 Selected Sites

Four sites were selected for data collection based on the desired criteria described
above. Three of the sites are located in Raleigh, North Carolina and the other site is
located in downtown Chicago, Illinois. Data at the three Raleigh sites were gathered in
the field while data from the Chicago site were collected from observations of video tape
provided by the National Institute of Statistical Sciences (NISS).

4.4 Data Collection Method

Individual turning movement volumes were recorded by individual lane for each
cycle at the selected sites. Data were collected using a laptop computer with a
spreadsheet program. The program allows the user to cumulatively record counts for each
lane movement for each cycle. In addition, the program alows the user to record a
timestamp at the beginning and end of the green period. A summary of the peak-hour
turning movement volumes, geometric configurations, and intersection characteristics are
provided in Figure 4.01 for all four intersections. Appendix B includes all raw count data

and Appendix C provides a summary of the volumes aggregated every 15 minutes and
converted to hourly volumes.
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45 Summary of Observations

W Grand Avenue/N Franklin Street I ntersection — Chicago, lllinois

The Grand/Franklin intersection is located west of downtown Chicago in a
Central Business Didtrict. Grand Avenue is a four-lane roadway with a speed limit of 35
miles per hour. Data collection focused on the eastbound and westbound approaches at
the intersection. At the intersection of Franklin Avenue, Grand Avenue has a shared
through/right-turn and shared through/left-turn lane. The magor movements at the
intersection are the through movements on Grand Avenue. There is a moderate to low
percentage of truck traffic on Grand Avenue (~5%). Both left-turn movements on Grand
Avenue operate in permissive phasing. The intersection is pre-timed and during the peak

periods the intersection operates with a cycle length of 75 seconds.

The intersection includes moderate levels of pedestrians that block right-turning
traffic during portions of the cycle. There is a bus stop prior to the Grand/Franklin
intersection in the eastbound direction.

Video of the Grand/Franklin intersection was collected on May 25, 2000. A total
of six hours of data were collected (7-10 am. and 3:30-6:30 p.m.). The wesather for the
day was overcast and dry. A total of 285 cycles were observed in the am. and p.m.
periods combined. Throughout the observational period there were low to moderate
levels of pedestrian crossings in the eastbound and westbound directions. For both
morning and evening periods, there were approximately 50 pedestrian crossings per hour
(~ one per cycle) conflicting with the eastbound right-turning movement, and
approximately 150 pedestrians per hour (~ three per cycle) conflicting with the
westbound right-turning movement. In addition, the rate of bus stops that blocked traffic
in the eastbound direction was less than two per hour. Approach congestion was

predominately at a moderate level. No cycle failures were observed.
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Poole Road/Beverly Drive — Raleigh, North Carolina

Poole Road is a four lane road located east of downtown Raleigh, North Carolina
Poole Road runs east-west, has a speed limit of 35 mph, and serves as an arterial for
traffic traveling between downtown Raleigh and the Beltline (1-440). Beverly Road
serves predominately residential traffic and intersects Poole Road from the south to form
a“T” intersection. Data collection focused on the eastbound and westbound approaches
at the intersection. The eastbound approach of Poole Road consists of a through lane and
a shared through/right-turn lane. The westbound approach of Poole Road includes a
through lane and a shared through/left-turn lane. The left-turn movement on Poole Road
operates with a permissive phase. The Poole/Beverly intersection operates with actuated
control. No pedestrian crossings were observed. Poole Road does not include bus stops

and does not allow on-street parking in the vicinity of Beverly Drive.

Data were collected at the Poole/Beverly intersection between 4-6 p.m. on
September 19, 2000. The weather was overcast with light rain. Data were discarded for
all cycle with cycle lengths less than 50 seconds and greater than 140 seconds. A tota of
77 cycles were observed, 17 of which were excluded from the analysis because of the
cycle length constraints. The green times for the eastbound and westbound approaches
were recorded for each cycle. An average was taken in order to determine the effective
green time and cycle length for 5- and 15-minute periods. No pedestrian or bus activity

was observed. Traffic volumes were light to moderate. No cycle failures were observed.

St. Mary’ s Street/West Peace Street — Raleigh, North Carolina

Peace Street is located north of downtown Raleigh and serves as a connector
between US-401 and Oberlin Road. Peace Street maintains a four-lane cross section and
has a speed limit of 35 mph in the vicinity of St. Mary’s Street. Data collection focused
on the eastbound and westbound approaches of the intersection. At its intersection with
St. Mary’s, Peace Street includes a shared through/right-turn lane and a shared
through/left-turn lane on both eastbound and westbound approaches. Both the right-turn

and left-turn movements operate with permissive phasing. The intersection operates with
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a two-phase pre-timed signal. The cycle length at the intersection during peak periodsis
80 seconds and during non-peak periods is 70 seconds. Bus stops are located on Peace
Street in both directions just west of St. Mary’s Street.

Data were collected at the Peace/St. Mary’s intersection on September 21, 2000
between 3:45-5:30 p.m. and on November 16, 2000 between 4:30-6:30 p.m. During the
September count, a total of 81 cycles were observed. The weather was overcast and dry.
Less than five pedestrian crossings occurred in the eastbound and westbound directions.
A total of 4 bus stops were observed during the 1:45 minute observation period, two of
which did not block traffic. Overal, traffic congestion was light to moderate. No cycle

failures were observed.

During the November count 88 cycles were observed. A total of three pedestrian
crossings were observed. One bus blockage took place in the westbound direction on

Peace Street. Congestion levels were light to moderate.

During both observations at Peace/St Mary’s, through vehicles traveling in the
eastbound direction appeared to favor the outside lane regardliess of the level of left-
turning traffic.

Hillsborough Street/North McDowell Street — Raleigh, North Carolina

The Hillsborough/McDowell intersection is located one block west of the State
Capitol near downtown Raleigh, North Carolina. Hillsborough Street runs east-west and
isamajor arterial between the Beltline (1-440) to the west and the State Capitol to the
east. In the vicinity of McDowell Street, Hillsborough Street is a four-lane roadway with
a posted speed of 35 mph. At the intersection of Hillsborough/McDowell, McDowell is a
one-way street in the northbound direction. Data collection at this intersection focused
on the eastbound and westbound approaches. The eastbound (Hillsborough Street)
approach to the intersection includes a through lane and a shared through/left-turn lane.
The left-turn movement operates with permissive phasing. The westbound approach
includes a through lane and a shared through/right-turn lane. The intersection operates as

a two-phased, pre-timed signal. The intersection has a cycle length of 80 seconds. On-
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street parking is allowed on the eastbound and westbound approaches. There are no bus
stops on Hillsborough Street in the vicinity of McDowell Street.

Lane volumes at the Hillsborough/McDowell intersection were recorded on
September 25, 2000 between 4:15-5:30 p.m. A total of 68 cycles were observed. The
weather was cloudy with rain. Vehicle arrivals in the eastbound direction are heavily
platooned. Field observations revealed that there is a heavy southbound left-turn
movement at the upstream signal that turns onto Hillsborough Street. The majority of
these vehicles travel in the inside through lane on Hillsborough Street. In addition, there
are very low volumes on the westbound approach. Overdl, traffic congestion at
Hillsborough/McDowell is very light. Vehicles park along Hillsborough Street in both
directions, although there were less than five parking maneuvers that took place during

the period of observation. In addition, less than five pedestrian crossings were observed.

4.6 Limitationsof the Data

In total, 13 hours of data were collected at the four sites combined. Although lane
volume data are provided for 580 cycles, this results in only 100 observations over a 15-

minute aggregation period.

Furthermore, the observations are limited to approaches that include two-lanes
with permitted-shared turns. Lane distribution effects were not observed for approaches

with three and four lanes or with protected turns.

The primary lane distribution effect observed was permissive |eft-turning
movements blocking through vehicles. The effect of pedestrian crossings was only seen
at the Grand/Franklin intersections. None of the other three intersections experienced
any level of pedestrian impedance. Likewise, none of the observations included effects
due to bus stops or parking maneuvers. The effect that bus blockages have on lane

distribution, particularly on a per-cycle basis, are of particular interest.
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Lastly, each of the approaches operate under relatively low congestion levels.
Thisis primarily due to the fact that each approach selected for data collection is a mgjor-

street approach that receives more than adequate green time.

4.7 Adggregated Field Data Results

Prior to analyzing the field data, it is necessary to review the data for ambiguities
and to develop measures for analyzing the data. The following two sections provide a

description of the data and the analysis measures.

4.7.1 Data Extraction

Review of the field data collected for the Hillsborough/McDowell intersection
reveded that drivers heavily favor the inside lane in the eastbound direction. The biased
selection of lanes occurs because of the heavy southbound left-turn movement that takes
place at the upstream intersection (Hillsborough/Dawson). The magority of the left-
turning vehicles stay in the inside through lane on Hillsborough Street after making the
left-turn movement. Because of the low volumes on Hillsborough Street, vehicles
continue to stay in the inside lane since there is little motivation to change lanes. As
discussed in Chapter 3, one of the criteria for collecting data is that intersections operate
in isolation from the remainder of the system. Because of this, data collected at the

Hillsborough/McDowell intersection were not included in the analysis.

Likewise, traffic in the eastbound direction at the Peace/St Mary’s intersection
heavily favors the outside travel lane. Review of the field data confirmed that between
60-70% of through traffic uses the outside lane, regardless of the number of left-turning
or right-turning vehicles. Thus, these data were also eliminated from analysis.

Figure 4.02 graphically depicts al the field data including the extracted data.
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FIGURE 4.02 Field Data Summary

As shown in the figure, the data collected at the eastbound approach of Peace/St
Mary’s and at the Hillsborough/McDowell intersection clearly lie outside of the

remaining observations.

4.7.2 Discussion of Analysis Measures

To provide consistency with the HCM methodology, the field data were
aggregated every fifteen minutes (or close to fifteen minutes based on the cycle length)
and converted to hourly flow rates. Based on the 15-minute aggregations, a total of 73
data points are available. Each data point includes the right-turn volume in the outside
lane, the through volume in the outside lane, the through volume in the inside lane, and
the left-turn volumes in the inside lane for each approach. Of the 73 data points, 46
represent Grand/Franklin (63%), 12 represent Poole/Beverly (16%), and 15 represent
Peace/St. Mary’s (21%).



The focus of the analysis presented in this chapter is on the distribution of through
traffic across the two choice lanes. The measure chosen to represent the distribution of
traffic is the percentage of through traffic that is in the inside (shared |eft-turn) lane, as
represented by the equation below.

9%THVol in the Inside Lane = THVOl e ane (4.01)

THVol InsideLane +THVol OutsidelLare

Note that this measure is not to be confused with the percentage of traffic in the

inside lane that consists of through traffic!

Other potential measures include the percentage of traffic in the inside lane that
turns left (used by Bonneson and Lieberman) and the percentage of total approach flow in
the inside lane. The percentage of left-turning traffic in the inside lane was avoided for

two reasons:

1) it is an indirect means of estimating the variable condition which is the

amount of through traffic in each lane, and

2) the resulting through volumes for each lane that are determined by using the
percentage of left-turn traffic in the inside lane and the percentage of right-
turn traffic in the outside lane do not aways produce the total through traffic

flow.

The latter measure (percentage of total approach flow in the inside lane) will
produce similar trends to the percentage of through traffic in the inside lane measure.
However using the total lane flows accounts for the right-turn and left-turn traffic which,
in the cases analyzed in this thesis, are fixed. Thus, the effect of lane distribution

strategiesis less evident for cases where high turning movement flows exist.

The percentage of through traffic in the inside lane is used to relate data of all
flow levels. If the actual flow rate of through traffic in the inside lane were used as a
measure of comparison (as opposed to the percentage of through traffic) it would be

nearly impossible to compare results for sites that experience different levels of traffic
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flow. Nonetheless, caution should be exercised when evaluating percentages at low

traffic flows since values with small denominator terms tend to have a greater variance.

The percentage of through traffic in the inside lane is analyzed against the hourly
flow rates for the left-turn movement, subject approach, and opposing approach. An
aternative to analyzing the data in terms of hourly flow rates is to anayze the data in
terms of vehicles per cycle. The units of vehicles per cycle were not used in this analysis,
though, primarily for the sake of simplicity. In addition, because the cycle lengths for
90% of the data points are within 10 seconds of each other, analyzing the data in terms of

vehicles per hour will produce similar results to analyzing them in vehicles per cycle.

4.7.3 Observation Summaries

Figures 4.03-4.07 provide the results of the field data collection for the three sites.
The y-axis for all figures represents the percentage of through traffic in the inside lane. A
percentage of 100 indicates that all through traffic use the inside lane; a percentage of
zero indicates that no through traffic uses the inside lane (thus resulting in a defacto |eft-
turn lane).  In addition, the vertical bars in the graphs represent division lines for the

flow regimes that are evaluated in Chapter 5.0.
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Field Data Results
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FIGURE 4.03. Effect of Left Turn Flow on Through Traffic Distribution

Figure 4.03 shows that the through traffic in the inside lane decreases as left-turn
flow increases. This is expected, since left-turning vehicles that are waiting for a gap in
the opposing traffic stream block through vehicles in the inside lane. Thus, the lane
becomes less desirable as the left-turning traffic increases and through traffic begins to
shift to the outside lane. For cases where the left-turn flow rate is zero (either because the
left-turn movement does not exist or no left-turning vehicles were observed), the
percentage of through traffic in the inside lane is approximately between 60-70%. This
shows that vehicles tend to favor the inside lane when no left-turners are present, likely
because the outside lane experiences impedances caused by right-turning vehicles and

conflicting pedestrians.

Figure 4.03 aso shows that no defacto left-turn lanes were observed for any of the
15-minute observations although some appeared in individual cycles. In addition, the
left-turn flow rates ranged from O — 110 vehicles per hour. This relatively low left-turn
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volume (which corresponds roughly to 2-2.5 vehicles per cycle) is reasonable given that

the left-turn movements operate with permissive phasing in a shared lane.

Field Data Results
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FIGURE 4.04. Effect of Subject Approach Flow on Through Traffic Distribution

Figure 4.04 indicates that at higher subject flow rates, the percentage of traffic in
the inside lane tends to stabilize between 50-65%. At flow rates less than 800 vph, the
amount of subject approach flow does not greatly influence the percentage of through
traffic in the inside lane and the percentage varies between 20-70%.

The results shown in Figure 4.04 give some credence to Bonneson’s lane change
probability model. The model states that the likelihood of a driver changing lanes is low
under low flow and high flow conditions. Although there does not appear to be a
“favored” lane for through traffic under low flow conditions, the variability in the
selection of lanes under high flow conditions is distinctly lower than under lesser flow

conditions.
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FIGURE 4.05. Effect of Opposing Flow on Through Traffic Distribution

The effect that opposing traffic has on the percentage of through traffic in the
inside lane (shown in Figure 4.05) is similar to the effect that left-turning traffic has on
the distribution of through traffic (4.03). In genera, the percentage of through traffic in
the inside lane decreases linearly as opposing flow increases. An increase in the
opposing flow results in an increase in the delay for left-turning vehicles which, in turn,
blocks through traffic in the inside lane. Thus, under conditions of high opposing flow,

through traffic tends to shift to the outside lane.
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FIGURE 4.06. Effect of Left Turn * Opposing Flow on Through Traffic
Distribution

Because of the relatively strong trend that left-turning traffic and opposing traffic
appear to have in relation to the percentage of through traffic in the inside lane, an
analysis was conducted to show the effect of the product of these two flows (opposing
flow x left turn flow) versus the percentage of through traffic in the inside lane. Asaside
note, this product is used in the Manual On Unifrom Traffic Control Devices (MUTCD)
to determine if protected phasing should be instaled for signalized left-turn movements
(Federal Highway Administration, 1988).

By inspection, the product of the left-turn and opposing flows appears to produce
the best trend with respect to the percentage of through traffic in the inside lane.

70



Field Data Results
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FIGURE 4.07. Effect of Right Turn Flow on Through Traffic Distribution

Figure 4.07 shows the relationship between the right-turn flow rate and the
percentage of through vehicles in the inside lane. In general, the outside lane is attractive
under low right-turn volumes and less attractive under higher right-turn volumes. In the
lower ranges of right-turn volume (< 100 vph) the distribution of through traffic appears
highly variable. The distribution of through traffic appears to stabilize between 50-65%
under high right-turn flow conditions.

In summary, the graphs depicted in Figures 4.03-4.07 indicate that data from the
three sites correlate well. The figures also show that the level of opposing and left-turn
traffic has the greatest effect on the distribution of through traffic. Lastly, it is important

to note that no defacto left-turn lanes were observed over any of the 15-minute periods.
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4.8 Field Regression Model

A regression analysis was performed using the field data collected to predict the
volume of through traffic (not the percentage) in the inside lane. It is important to note
that the regression model is based on data collected at two-lane approaches that include
shared/permitted turns. Effects due to pedestrians, bus stops, and parking are not

included in the model. The general form of the regression equation is as follows:
TH | gqe =@ XTH +RT)°2 {LT)?? xOpp) ** (4.02)

where THinsqe = through flow rate (vph) in the inside lane, (TH + RT) = sum of through
and right-turn flow rates (vph), LT = left-turn flow rate (vph), Opp = opposing flow rate
(opposing through + right-turning flow rates, vph). For a two-lane approach, the through
flow rate in the outside lane is computed by subtracting TH.s¢e from the total through
traffic.

It should be noted that the through and right-turn volumes were combined into
one variable to account for the effect that right-turning traffic has on lane distribution

while still maintaining the ability to use the model when the right-turn volume is zero.

Results from the regression analysis are shown in Table 4.01.

Table 4.01: Regression Output

Regression Statistics

0.89
Standard Error 0.195
Observations® 73
Coefficient Statistics
Variables Coefficient P-Value

a 9.561 0.005
bl 0.980 0.000
b2 -.067 0.001
b3 -.437 0.000

72



The R? value for the regresson model is 0.89. As shown in the table, the
coefficients b2 and b3 of the regresson model are negative. This indicates that as left-
turn flow and opposing flow increase, the amount of through traffic in the inside lane
decreases. Lastly, the p-value for each of the variables is less than 0.05 which implies

that all variables are significant.

The final form of the field regression mode is thus:

_ 9.561{TH + RT)*®
Inside (LT)0.067 XOpp) 0437 (4'03)

A comparison of the predictions from the regression model (Equation 4.03) with
field datais provided in Figure 4.08.
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FIGURE 4.08. Evaluation of Regression Model against Field Data
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In general, the regression model tends to dightly underestimate the through
volume in the inside lane for volumes ranging between 250-400. Conversaly, the
regression model tends to overestimates the amount of through traffic in the inside lane

for volumes greater than 400 vph.

Two statistical tests are used to evaluate the performance of the empirical model:
the Root Mean Squared Error (RMSE) test (add reference ...) and the Mean Absolute
Percentage Error (MAPE) test (add reference ...). The equations for caculating the
RMSE and MAPE error values follow.

RMSE = (4.03)
C’;l |Xi §(| |O

MAPE =¢— g X100 (4.04)
iz Nog

where  x, = observed value of measure,
x, = forecast value of measure, and

N = number of observations.

The measure used in the comparison of the empirical model prediction and the
observed field data is the number of through vehicles in the inside lane ( in vehicles per
hour). Thus, the RMSE test provides the average error, in vehicles per hour, of the
prediction of through vehicles in the inside lane versus the observed field values. The
MAPE test calculates the percentage error between the predicted and observed values.
The results of the RMSE and MAPE tests for the empirical field model are shown in
Table 4.02.
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Table 4.02: Statistical Evaluation of Empirical M odel

Test Error
RMSE 44.68
MAPE 15.09

As shown in Table 4.02, the RMSE error is approximately 45, indicating that on
average the empirical model prediction for through traffic in the inside lane is 45 vph
different than the observed field value. Likewise, the MAPE value shows that the
percentage error of the empirical model prediction is, on average, 15%.

Although the field model provides a relatively high R-squared value and on
average is within 15% of the observed field data, the model is limited for use only for
two-lane approaches that include shared through left- and right-turn lanes that operate
with permissive phasing. Because of these limitations, the empirical model provided in
Equation 4.03 is not included in the lane distribution strategy anaysis presented in
Chapter 5.0. Upon further data collection however, an empirical model similar to the one
shown in Equation 4.04 could provide a means for estimating individual lane flow when

no other parameters other than turning movement flows are known.

49 Assessment of HCM Lane Utilization Factor

A Lane Utilization Factor (LUF) was calculated for each observation using
Equation 9-11 of the 1997 HCM, as shown below.

S (4.05)

Vg1 XN

fLU

where \ = the total lane group flow (or in this case, approach flow) (vph), vy = the
highest lane flow (vph) , N = the number of lanes (2). From Table 9-4 of the 1997 HCM,
The default lane utilization factor for two-lane approaches with shared turns is 0.95.

Figure 4.09 shows the computed lane utilization factors for each observation

versus the product of opposing and left-turn flow.
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FIGURE 4.09. Effect of Opposing * Left Turn Flow on HCM Lane Utilization
Factor

As shown in the figure, the default HCM Lane Utilization Factor of 0.95 is
reasonable under cases where the product of opposing and left-turn flows is less than
50,000 vph. At higher levels, the LUF factor ranges between 0.70 and 0.90. This shows
that the distribution of traffic on a two-lane approach is not represented well by a single,

constant factor, such is used as a default in the HCM.

4.10 Summary

The following items summarize the results of the field data analysis:

The distribution of through traffic is affected most by the opposing flow and the left-
turn flow (particularly the product of both), and to a lesser degree the subject flow
and right-turn flow (which is included in the subject flow).

Data from the three sites correlate well.
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The Bonneson model for lane change probability appears valid for cases of high
subject flow. The variability of through traffic distribution is remarkably lower under

high flow conditions than under lesser flow conditions.

An empirical model is developed that predicts the amount of through traffic in an
inside lane based on the subject and opposing turning movement flows. However, the
empirical field moddl is limited to two-lane approaches with shared through/right and

through/left-turn lanes that operate with permissive phasing.

An analysis of the HCM LUF shows that the default value of 0.95 appears reasonable
at low flow conditions. Under higher flow conditions, the Lane Utilization Factors
for the field data range between 0.70-0.90.
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5.0 SUBGROUPLANE DISTRIBUTION MODEL EVALUATION

This chapter provides an evaluation of six lane distribution strategies. The results
of the evaluation will be used to determine a recommended strategy for the subgroup lane

distribution model. This chapter attempts to answer the following questions:

1) Based on the field data collected, which lane distribution strategy provides the

best lane flow predictions?
2) What are the implications of using one lane distribution strategy versus another?

3) How do the lane distribution strategies perform under increasing levels of traffic

flow and impedances?

The results of the subgroup lane distribution model analysis are presented in three
parts. First, a statistical analysis summarizing the performance of six lane distribution
strategies versus field data is shown. Based on the literature review, the comparison of
lane distribution strategies against field data is the first of its kind. The strategies are
evaluated under various flow regimes to gain insight into the performance of the

strategies under a variety of traffic flow conditions.

Second, a comparison of lane delays predicted by the lane distribution criteria is

provided to show the implications of using one strategy versus another.

Third, results from a parametric analysis are summarized to show how the lane
distribution strategies respond under increasing levels of opposing flow, conflicting

pedestrians, bus stops, and green time.

5.1 Evaluation of Lane Distribution Strategies

This section shows how six lane distribution strategies perform versus the field

data summarized in the previous chapter. The six lane distribution criteria include: equal
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average back of queue, the Bonneson method, equal lane delay, equa lane flow ratio,

equal cycle-average queue, and equal lane volume.

The subgroup method is carried out using a software program developed using
Visual Basic and Excel. The program alows the user to input volume and geometric
characteristics of the intersection, signa timing data and provides the user with lane
performance measures including lane saturation flow, delay, level of service, average
gueue, and average back of queue. The software program calculates individual lane flow
based on a specified lane distribution criterion and the turning movement volumes for

each approach. Appendix D includes the output for all analyses.

Two tests are used to evaluate the six lane distribution strategies. the Root Mean
Squared Error (RMSE) test and the Mean Absolute Percentage Error (MAPE) test. The
RMSE dtatistic returns the absolute difference of a measure between the predicted and
observed values. The MAPE statistic returns the absolute percentage difference of error
between the predicted and observed values. Thus, the RMSE dtatistic is insensitive to
changes in magnitude, so data with low through flows will likely have lower errors
values than data with high through flows. For this reason, the MAPE error is the primary
statistical value used to evaluate the lane distribution strategies.

The prediction of the amount of through traffic in the inside lane is the measure
used to evaluate each strategy in this chapter. The predictions of through traffic in the
inside lane are developed for each strategy and compared to the field data for each
observation. The RMSE and MAPE values are used to evauate the performance of the
lane distribution strategies. In general terms, the RMSE values represent difference in
vehicles per hour between the predicted value and the observed value of through traffic in
the inside lane. The MAPE vaues represent the percentage difference between the
predicted and observed values of through traffic in the inside lane.

Analyses were performed for 73 observations for each of the six criteria. It is
important to note that the saturation flow rates calculated using the subgroup model were
not validated in the field. Thus, the evaluation presented in this chapter focuses on the
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relative performance of each strategy in comparison with the field data. Field calibration
of the subgroup model, particularly the subgroup headway equivalency factors, is not
addressed in this analysis. Field calibration, though, could improve the accuracy of the
equivalency factors and reduce the RMSE and MAPE values reported in this analysis.

Figure 5.01 provides a summary of the RMSE and MAPE values for the six
criteria for al data sets. As mentioned earlier, the RMSE is representative of the
difference in the number of through vehicles in the inside lane in comparison to the
observed field values. The MAPE vaues represents the percentage difference in the

number of through vehicles in the inside lane.
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vg. Back | Cycle Avg Bonneson Delay Flow Ratio [ Volume
of Queue Queue
O RMSE 38.72 34.49 59.96 90 60.64 44.72
@ MAPE 10.2 9.53 16.32 30.58 20.45 13.97

FIGURE 5.01. RMSE/MAPE Comparison for All Data

As shown in Figure 5.01, the average back of queue and cycle-average queue
strategies produce the lowest RMSE and MAPE error values when compared for al data
sets. A review of the RMSE and MAPE error values for each individual intersection
(shown in Appendix E) indicate the same trends as shown in Figure 5.01. The MAPE
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values for the two queue-based strategies indicate that the lane flow predictions are
within 10% of the observed field values. The equal volume strategy performs dightly
better than the Bonneson strategy, and significantly better than the equal delay and flow
ratio strategies.

A lane distribution strategy should, at a minimum, perform better than the equal
volume strategy. The equal volume strategy is assumed in the Set Initial VVolume step of
the lane flow alocation process (Step #2). Thus, the iterative process used to achieve a

lane distribution criterion is futile if the result is worse than what was initially assumed.

An interesting point is that the three current lane-by-lane analysis procedures
(Australia, Canada, and Sweden) all employ an equal flow-ratio model. Based on the
results of the analysis summarized in Figure 5.01, the equal flow ratio strategy resultsin a
MAPE eror value that is nearly twice that of the average back of queue and cycle-
average queue strategies. Further, the flow-ratio strategy performs much worse than the
equal volume strategy.

The following figures provide results of an anaysis comparing the MAPE error
values for the six criteria based on various levels of left-turn flow, subject approach flow,
and opposing flow. Each flow type (left-turn, subject, and opposing) includes three
regimes. These regimes are depicted in Figures 4.02, 4.03, and 4.04, respectively. The
regimes represent logical breakpoints in the data and they include a relatively equal
number of samplesin each regime. Figures 5.02, 5.03, and 5.04 present the results of this

anaysis.
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Lane Distribution Strategy Performance by Left Turn Flow
Regime

@ Left Turn Flow < 35 vph
@ Left Turn Flow 35-65 vph
O Left Turn Flow > 65 vph

MAPE Error for TH Traffic in Inside Lane
w
o
L

FIGURE 5.02. Comparison of MAPE values by Left Turn Flow Regime

Figure 5.02 shows that under the lowest left-turn flow condition all strategies
perform equally well. The Bonneson, delay, flow ratio, and volume strategies perform
increasingly worse as left-turn flow increases. The queue strategies perform similarly

under each left-turn flow regime.
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Lane Distribution Strategy Performance by Subject Flow
Regime

@ Subject Flow < 500 vph
@ Subject Flow 500-800 vph
O Subject Flow > 800 vph

o i i

MAPE Error for TH Traffic in Inside Lane
w
o

FIGURE 5.03. Comparison of MAPE values by Subject Flow Regime

Based on the subject (approach) flow regimes, the MAPE error value decreases as
subject flow increases for all strategies. Under the heaviest flow condition all strategies
perform equally well. The queue strategies perform noticeably better than the Bonneson,
delay, and flow ratio strategies under the low and medium flow regimes.
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Lane Distribution Strategy Performance by Opposing Flow
Regime

@ Opposing Flow < 500 vph
— @ Opposing Flow 500-800 vph
0O Opposing Flow > 800 vph

MAPE Error for TH Traffic in Inside Lane
8

FIGURE 5.04. Comparison of MAPE values by Opposing Flow Regime

Similar to the results of the left-turn flow regime comparison, al strategies, with
the exception of the queue strategies, perform increasingly worse as the opposing flow

increases. The queue strategies perform similarly under all cases of opposing flow.

The results shown in Figures 5.02-5.04 show that the trends experienced by the
equal flow ratio, equal delay, and Bonneson methods are similar under all flow regimes.
Likewise, the average back of queue and cycle-average queue strategies perform
similarly. In order to gain insight into how these strategies perform under each
observation, the prediction of percent through traffic in the inside lane is shown for the
field data and the flow ratio and back of queue strategies. The remaining strategies were
omitted in order to reduce the amount of clutter in the graph. However, based on the
previous analyses, the equal flow ratio strategy is representative of the delay strategy and
Bonneson method, and the equal back of queue strategy is representative of the cycle-



average gueue strategy. Figure 5.05 presents the results, which show the percentage of
through traffic in the inside lane versus the product of opposing and left-turn flow.

Lane Distribution Analysis
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* Field Value

Field Value Trendline
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%TH in Shared LT Lane

40 60 80 100 120

o
N
o

Conflicting Volume (LT * Opp, 1000 vph)

FIGURE 5.05. Lane Distribution Strategy Comparison

As shown in the figure, the equa back of queue strategy represents the
distribution of through traffic more accurately than the equa flow ratio strategy. The
flow ratio strategy consistently under-estimates the amount of through traffic in the inside
lane, particularly under high levels of opposing and conflicting flow. This results in a
prediction of defacto turn lanes under much lighter conditions than the back of queue

strategy.

Based on the results of the analysis summarized in Figures 5.02-5.05 the equal
average back of queue and cycle-average queue criteria provide the best estimation of
lane flow (based on the available data) under al levels of left-turn, subject approach, and
opposing flows. What stands out from this analysis is that the Bonneson, delay, and flow

ratio strategies perform increasingly worse as opposing and left-turn flow increase. The
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reason for the worsening is that as these volumes increase, the saturation flow of the
inside lane decreases. As this is happening, the saturation flow of the outside lane
remains relatively constant, thus the relative difference of saturation flow increases. The
Bonneson, delay, and flow ratio strategies essentially assume that the shift in distribution
of through traffic is proportional to the difference in saturation flows across the two
lanes. Based on the field data collected, this trend is not evident (see Figure 5.05).
Rather, the rate that traffic shifts to the outside lane levels off somewhat under higher
flow conditions and drivers appear more willing to choose the inside lane, even though it
may afford them greater delays. In summary, the Bonneson, delay, and flow ratio
methods appear over-sensitive to impedances caused by left-turning vehicles and under-

estimate the amount of through traffic in the inside lane.

5.2 Implications of Selecting a Lane Distribution Strategy

The first question asked in this chapter (“Which strategy provides the best lane
flow predictions?’) has been answered. The average back of queue and cycle-average
strategies are superior to the remaining strategies based on the available data. The
purpose of this section is to show the implication in terms of critical lane delay for using
either the flow ratio, delay, or volume strategies. The Bonneson method is excluded from
this analysis because only the percentage of left-turning traffic in the inside lane is
calculated for the procedure.

Figures 5.6-5.8 provide critical lane delay comparisons for the flow ratio, delay,
and volume strategies versus the back of queue strategy. The purpose of this analysisis
to show the differences in critical lane delay that can result from using either the flow

ratio, delay, or volume strategies as compared to the equal back of queue strategy.

It is important to note that the critical lane delays summarized in Figures 5.06-
5.08 represent a 50% growth rate in the traffic volumes observed in the field. A 50%

growth rate is assumed in order to provide results over all level of service regimes. The
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critical lane delays using the observed field data only range from 4-25 seconds per

vehicle.
Critical Lane Control Delay Comparison (sec/veh)
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FIGURE 5.06. Critical Lane Delay Comparison: Flow Ratio vs. Back of Queue
Strategy

Figure 5.06 shows that the difference in critical lane delays is minimal under LOS
“A”, “B” and “C” conditions between the flow ratio and back of queue criteria
However, under LOS “D” and “E” conditions, significant differences begin to emerge
between the results predicted from the two strategies. The flow ratio strategy consistently
predicts lower lane delays since, theoreticaly, it is the more efficent measure. The fact
that the back of queue strategy predicts higher delays indicates that drivers under this
strategy do not fully minimize their delay at an approach. Thus, drivers will choose a lane

that may experience greater delays than the adjacent lane.

Under LOS “F’ conditions, the delay values appear to coincide, similar to the low
delay conditions. The explanation is that under low delays (LOS “A-C”), the approach

volumes are at a level where the assignment of through traffic does not significantly
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impact delay since both lanes operate well below capacity. Under the LOS “D” and “E”
regimes though, the assignment of through traffic is critical and can lead to significant
differences in delay. Under the worst conditions (LOS “F”), the assignment of traffic is

similar as both strategies approach de-facto left-turn lanes.
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FIGURE 5.07. Critical Lane Delay Comparison: Delay vs. Back of Queue Strategy

The critical lane delay results using the equal delay criterion are similar to the
results under the flow ratio strategy, although the differences in delay are greater under
the equal delay strategy. Again, minimal differences are found under the extreme low
and high delay conditions. Under LOS “D” and “E” conditions though, significant

differences in delay are found.
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Critical Lane Control Delay Comparison (sec/veh)
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FIGURE 5.08. Critical Lane Delay Comparison: Volumevs. Back of Queue
Strategy

The equal volume strategy shows that the critical lane delays, as compared to the
equal back of queue criterion, are similar under cases of very low or very high delay.
Under the LOS“D” and “E” regimes the equal lane volume strategy predicts significantly
higher delays as compared to the back of queue strategy. This is because the equal
volume strategy assigns more through traffic to the inside lane which, due to the

permissive |eft-turning movement, experiences much greater delays than the outside lane.

In summary, under low and extremely high delay conditions, the differences in
critical lane delays predicted using both methods are negligible. The largest difference in
delay predictions occurs in the LOS “D” and “E” regimes. Under these conditions, the
equal flow ratio and delay criteria predict significantly lower delays than the back of
gueue criteria

As stated earlier, the delay analysis assumes a 50% growth in traffic volumes. An

analysis of the observed field data shows that delays range between 4 and 25 seconds per
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vehicle for all strategies. Based on the lane distribution strategy evaluation that was
performed in Section 5.1, the back of queue and cycle average queue strategies perform
the best under the observed conditions which happen to be low delay conditions (< 25
seconds/vehicle). Further data collection is required to show which lane distribution
strategy performs the best under higher delay conditions since the lane choice behavior of
drivers may change. Furthermore, the back of queue strategy results in higher lane delays
in the LOS “D” and “E” regimes than the flow ratio and delay strategies. Whether this
behavior is reflected in the field under these conditions is unknown. What is known is
that the selection of a lane distribution criterion is most critical under LOS “D” and “E”

conditions.

5.3 Parametric Analysis

The fina part of the lane distribution evauation is to show how the lane
distribution strategies respond under increasing levels of impedances. This anaysis
focuses on three criteria: equal back of queue, equal delay, and equal flow ratio. The
percentage of through traffic in the inside lane is predicted for each strategy under

increasing levels of opposing traffic, pedestrians, bus stops, and green time.

The parametric analysis is performed for a two-lane approach that includes
shared, permitted turns. The cycle length is 75 seconds and the subject approach has a
displayed green time of 40 seconds. The lost time is equal to the yellow + all red time,
thus the effective green time is equa to the displayed green time. Under the default
scenario there are no impedances (pedestrians, bus, parking, grade = 0). For simplicity,
no heavy trucks are assumed and a peak hour factor of 1.0 is used. The subject approach
has a left-turn volume of 125 vph, a through volume of 1000 vph, and aright-turn volume
of 150 vph. The opposing approach has a right-turn volume of 175 vph, a through
volume of 800 vph and a left-turn volume of 40 vph.

The first parametric analysis shows the effect of increasing levels of opposing

traffic on the distribution of through traffic using the back of queue, delay, and flow ratio
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strategies.  In this anaysis, al parameters are held fixed with the exception of the
opposing traffic flow (opposing through + right-turn volume) which ranges from 275 to

1475 vph. Figure 5.09 provides the results of this analysis.

Opposing v/c ratio
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FIGURE 5.09 Effect of Opposing Traffic on Lane Distribution

As shown in Figure 5.09, the delay and flow ratio strategies disaply nearly alinear
decline in the percentage of through traffic that is in the inside lane as opposing traffic
increases. Both the delay and flow ratio strategies predict defacto turn lanes at opposing
flow levels between and 1,200-1,300 vph, which correspond to an opposing v/c ratio of
1.0. It isinteresting to note that Bonneson and Lieberman both conclude from a similar
analysis that defacto left-turn lanes were found to occur at an opposing flow of 1,200

vehicles per hour.

The equal back of queue strategy performs quite differently from the delay and
flow ratio strategies. The rate of decline of the percentage of through vehicles in the
inside lane is much less gradual and plateau’s at approximately 25% when the opposing

91



flow reaches 1,200-1,300 vehicles per hour. This indicates that a certain percentage of
drivers would continue to use the inside lane even when the permissive left-turn

movement experiences extremely high delays.

The second parametric analysis, shown in Figure 5.10, illustrates the effect that
increasing levels of conflicting pedestrians have on the distribution of through traffic. As
the level of pedestrians increase, the saturation flow of the right-turning traffic decreases
thus disuading through vehicles from using the lane.

Parametric Analysis
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FIGURE 5.10. Effect of Conflicting Pedestrians on Lane Distribution

Figure 5.10 shows that the effect that conflicting pedestrians have on the
distribution of through traffic is less sensitive for the back of queue strategy than for the
delay and flow ratio strategies. However, when the pedestrian volume is less than 1,400
(which is nearly always the case), the back of queue strategy predicts that more traffic
will use the inside lane than do the other two strategies.
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The third parametric analysis presented in Figure 5.11 illustrates the effect that
bus stops have on lane distribution. As the number of bus stops increase, the saturation
flow in the outside lane decreases and the inside lane becomes more attractive. For
reference purposes, there are approximately 50 cycles in an hour. Thus, a bus volume of

100 vph represents two bus stops each cycle.

Parametric Analysis
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FIGURE 5.11. Effect of Bus Stops on Lane Distribution

Similar to conflicting pedestrians, increasing levels of bus stops have a more
profound effect on the distribution of through traffic under the delay and flow ratio
strategies as compared to the back of queue strategy. Under low volumes of bus stops,
the back of queue strategy predicts more traffic in the inside lane (less on the outside
lane). For bus stop volumes greater than 125, the back of queue strategy predicts that less
traffic will use the inside lane, thus a higher volume of traffic would be willing to travel

in the outside lane even though the frequency of bus stops is high.
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The last anadysis shows the effect that increasing green time has on the
distribution of through traffic. For this analysis, the cycle length is fixed at 75 seconds.
Thus, the increase in green time results in a direct increase in the effective green ratio

(9/C). Figure 5.12 presents the results of this analysis.
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FIGURE 5.12. Effect of Green Time on Lane Distribution

Figure 5.12 shows that there are three distint intervals over which the distribution
of through traffic is affected by the green time. In the first interval, all three strategies
experience a steep decline in the percentage of through traffic in the inside lane, with the
delay and flow ratio strategies experiencing the most severe drop. A review of the output
shows that during this interval the opposing queue does not clear and thus the unopposed
green time for the left-turn movement (g)) is zero. Thus, only sneakers are able to clear

the intersection during these cycles, so the added green time in this interval only benefits
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the outside lane and thus every increase in green time results in a shift of through traffic

to the outside lane.

At the point where the opposing queue begins to clear (green time = 22 seconds),
the percentage of through traffic in the inside lane levels out until the volume-to-capacity
ratio of the opposing approach drops to 1.0. Theoreticaly, the volume-to-capacity ratio
at this point (22 seconds) should equal 1.0 since an over-capacity condition indicates that
the queue for the approach does not clear. As shown in Figure 5.12 however, this is not
the case. A review of the HCM shows that a saturation flow of 1800 vph is assumed in
the calculation of opposing queue clearance time. In this example, the opposing
approach experiences a saturation flow less than 1800 vph, hence the discrepancy
between the two values.

From the point that the opposing v/c ratio is less than one, every amount of added
green time results in a shift of traffic to the inside lane until the green time is equa to
approximately 50-55 seconds. The flow ratio strategy experienes the most dramatic shift
during thisinterval, followed by the delay and back of queue strategies.

In summary, the results of the parametric analysis show that the back of queue
strategy is less senditive to increases in opposing traffic, conflicting pedestrians, bus
stops, and green time than the delay and flow ratio strategies. The queue strategy
indicates that the shift of through traffic from one lane to another is not directly
proportional to the change in the lane saturation flow. The back of queue strategy predicts
that although one lane may experience a lower saturation flow rate than another, a
percentage of drivers will not change lanes even though it would minimize their travel
time and/or delay. This principle is similar to Bonneson’s lane change probability theory
that drivers, at least under low and high congestion conditions, are less likely to change

lanes.
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6.0 CONCLUSIONSAND RECOMMENDATIONS

This thesis presents a methodology for analyzing signalized intersections by
traffic subgroups. A subgroup is defined as a group of vehicles of unique vehicle type
making a single directional movement from one lane. The subgroup method provides the
user with greater flexibility than traditiona analysis methods such as the HCM.
Subgroup results can be aggregated at any level — turning movement, vehicle type, lane,

or lane group.

The most critical element of the subgroup model is the estimation of individual
lane volumes for cases where a choice lane exists. This thesis provides a summary of
lane volume data collected from three intersections. In addition, six potentia lane

distribution criteria are evaluated against field data.

6.1 Conclusons

The following items summarize the conclusions of this thesis.

When applied using the same assumptions, the subgroup method produces similar
saturation flow rates as the HCM at the lane group level. The similarities give
credibility to the subgroup method for estimating performance not only at the lane

group level, but at the individual lane level as well.

Differences between the HCM and subgroup saturation models were found in the
right-turn, left-turn, and bus factors. These differences are primarily attributable to
two erroneous assumptions made within the HCM: 1) for single lane approaches, the
effect of left turn vehicles are assumed to be independent of right turn vehicles, and 2)

multilane approaches with bus and parking impedances have equal lane volumes.

Analyses of the field data show that the distribution of through traffic is most heavily
dependent upon the amount of left-turn traffic on the approach and opposing traffic
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flow. Defacto left turn lanes did not occur over any of the 73 15-minute periods
observed.

Of the six lane distributions strategies evaluated, the equal average back of queue and
cycle-average gqueue strategies produce results most consistent with the observed field
data. The queue strategies outperform the remaining strategies under every level of

left-turn, subject, and opposing flow analyzed.

In general, the back of queue strategy is less sensitive to increases in opposing flow,

pedestrian volumes, bus stops, and green time than the flow ratio and delay strategies.

The equal queue strategies predict that drivers are more likely to choose a lane with
lower saturation flow (and thus higher delay and queue clearance time) than the delay
and flow ratio strategies. This behavior is reflective in the observed field data.

The selection of a lane distribution model is most critical under high volume
conditions. Under these conditions, the control delay across the models can vary up
to 20 seconds/vehicle.

6.2 Recommendationsfor Future Research

This thesis serves as the first step in the development and evaluation of a
subgroup saturation flow model. Further data collection and evauation is still needed.

The items below indicate areas for future research.

Validate the Multiplicative Form of the Saturation Flow Model

The subgroup method provides the opportunity to re-evaluate the multiplicative
form of the saturation flow model. The 1997 HCM as well as the Australian, Canadian,
and Swedish capacity guides use a multiplicative model to estimate saturation flow. A
multiplicative model indicates that a separate adjustment factor is estimated for each non-
ideal condition. Then, al the adjustment factors are multiplied together to determine the
lane or lane group saturation flow. One dternative is to develop a single unique

headway equivalency factor for each subgroup. Using a single headway equivalency
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factor for each subgroup would simplify the process of estimating saturation flow by
reducing the number of factors in the model. In addition, there is the potentia that the
effects of various non-ideal conditions are highly correlated. If this is true, the effect of
one non-ideal condition (i.e., narrow lanes) could be applied to account for the effect of
other non-ideal conditions (i.e., truck movements, right-turn movements, etc.) for al

applicable subgroups.

Validate the Headway Adjustment Factors

The subgroup method utilizes the 1997 HCM adjustment factors to estimate the
Headway Equivalency Factors (HEF's) for each non-ideal condition. The non-ideal
conditions, particularly the bus factor, should be evaluated to determine the impact it has
not only on saturation flow but on lane volume distribution. The HEF's could be
calibrated by assuming a lane distribution strategy, measuring the lane volumes, and
working backwards to determine the lane saturation flow and thus the equivalency factor
of bus stops. Anecdotal evidence shows that frequent bus activity on the outside lane

tends to force vehicles toward inner travel lanes.

Evaluate Lane Distribution Strategies Under Conditions Not Covered in this Thesis

The analysis presented in this thesis shows that based on the available field data
the back of queue and cycle-average queue strategies are the most accurate predictors of
lane flow. The data collection and analysis should be expanded to include approaches
with three “choice” lanes and minor-street approaches. In addition, data should be
collected for approaches that experience high levels of congestion. Evaluation of the lane
distribution strategies under these conditions will confirm whether the equal queue

strategies remain the best strategies.

Calibrate the Under Utilization Factor

Another element of the lane distribution model that requires field data collection
is the under-utilization factor. The under-utilization factor accounts for pre-positioning
due to upstream or downstream influences. Examples of such influences are freeway on-
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ramps and downstream lane drops. Field data are required to calibrate these factors and

estimate the effect they have on lane volume distribution.
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APPENDIX A

SUBGROUP WORKSHEETS FOR
HCM EXAMPLES
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1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000

BLN
7/24/00
HCM #1

Cycle-
Average
Queue
2.2
13.8
4

5.3

5.2
3.5

Park (It)
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Average

Back of

Queue
1.4
10.4
3.3

4.2

3
3.3

Bus
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

95th
Percentile
Queue
3.3
17.9
7.1

8.5

6.5
7

AT
1.111
1.111
1.111
1.111
1.111
1.111

1.111
1111
1.111
1.111
1111
1.111
1.111
1111

1.111
1111
1.111
1.111
1111
1.111

1111
1.111
1.111
1111
1.111
1.111
1111
1.111

RT
1.246
1.246
1.000
1.000
1.000
1.000

1.246
1.246
1.000
1.000
1.000
1.000
1.000
1.000

1.246
1.246
1.000
1.000
1.000
1.000

1.246
1.246
1.000
1.000
1.000
1.000
1.000
1.000

LT
1.000
1.000
1.000
1.000
4.596
4.596

1.000
1.000
1.000
1.000
1.000
1.000
5.873
5.873

1.000
1.000
1.000
1.000
3.410
3.410

1.000
1.000
1.000
1.000
1.000
1.000
5.113
5.113

TH
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.358
1.358
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

HEF
1.259
2518
1.010
2.020
4.642
9.285

1.433
2.865
1.149
2.299
1.561
3.122
6.750
13.501

1.259
2.518
1.010
2.020
3.445
6.889

1.433
2.865
1.149
2.299
1.149
2.299
5.877
11.755
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Intersection:

Analysis Year:

Approach
NB
NB

WB
WB

Subgroup
NBSubl

NBSub2
NBSub3
NBSub4
NBSub5
NBSub6
NBSub7
NBSub8

EBSubl
EBSub2
EBSub3
EBSub4
EBSub5
EBSub6

WBSubl
WBSub2
WBSub3
WBSub4
WBSub5
WBSub6

Scenario:
Time Period:

Geometry
TR
LT

T
T
L

-
Q
35
(¢}

WWNNERE NNNNRE R P

N e N

Sixth St/Western Blvd Project:

1993 Analyst:
HCM #2 Date:
AM Sheetname:

Avg Int Control Delay = 23.93

LOS = C
Sat Control
Adj. Vol Flow v/s g/c  Capacity vic Delay LOS
449 1536 0.292 0.39 599 0.75 26.8 C
445 1524 0.292 0.39 594 0.75 26.8 C
490 1589  0.308 0.5 788 0.62 16.5 B
542 1728 0.314 0.5 857 0.63 16.5 B
126 544 0.231 0.5 270 0.47 17.3 B
387 1515 0.255 0.34 509 0.76 31 C
454 1729 0.263 0.34 580 0.78 31 C
Veh Adj Vol Park
Move. Type Vol Frac LW HV Grade (rt)
R car 25 0.056 1.000 1.000 0.990 1.176
R truck 1 0.002 1.000 2.000 0.990 1.176
T car 402 0.895 1.000 1.000 0.990 1.176
T truck 21 0.047 1.000 2.000 0.990 1.176
T car 383 0.861 1.000 1.000 0.990 1.000
T truck 20 0.045 1.000 2.000 0.990 1.000
L car 40 0.090 1.000 1.000 0.990 1.000
L truck 2 0.004 1.000 2.000 0.990 1.000
T car 441 0.900 1.000 1.000 1.000 1.000
T truck 49 0.100 1.000 2.000 1.000 1.000
T car 488 0.900 1.000 1.000 1.000 1.000
T truck 54 0.100 1.000 2.000 1.000 1.000
L car 113 0.897 1.000 1.000 1.000 1.000
L truck 13 0.103 1.000 2.000 1.000 1.000
R car 94 0.243 1.000 1.000 1.000 1.000
R truck 11 0.028 1.000 2.000 1.000 1.000
T car 254  0.656 1.000 1.000 1.000 1.000
T truck 28 0.072 1.000 2.000 1.000 1.000
T car 409 0.901 1.000 1.000 1.000 1.000
T truck 45 0.099 1.000 2.000 1.000 1.000

BLN
7124100
HCM #2

Cycle-
Average

Queue
3.3

3.3

Park (It)
1.000

1.000
1.000
1.000
1.176
1.176
1.176
1.176

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

Average

Back of

Queue
1.8
3.4

1.3
2.8
1

Wk
o~

Bus
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.087
1.087
1.000
1.000
1.000
1.000

1.087
1.087
1.087
1.087
1.000
1.000

95th
Percentile
Queue
4.2
7.1

3.1
6
2.3

~Nw
© ©

AT
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

RT
1.210

1.210
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.176
1.176
1.000
1.000
1.000
1.000

LT
1.000

1.000
1.000
1.000
1.000
1.000
1.210
1.210

1.000
1.000
1.000
1.000
3.164
3.164

1.000
1.000
1.000
1.000
1.000
1.000

TH
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

HEF
1.410

2.820
1.165
2.330
1.165
2.330
1.410
2.820

1.087
2.174
1.000
2.000
3.164
6.328

1.279
2.558
1.087
2.174
1.000
2.000



=(0))

Intersection:

Analysis Year:

Scenario:

Time Period:

Approach Geometry
NB TR
NB T
NB L
EB TR
EB T
EB L
SB TR
SB T
SB L
WB TR
WB T
wWB L

5th Avenue/12th Street

1999

5-6 p.m.

Adj.
Vol
856
877
133

171
253
71

494
516
194

285
339
118

Sat

Flow
1641

1676
517

1110
1518
315

1622
1677
278

1296
1520
560

v/s
0.522
0.523
0.257

0.154
0.167
0.226

0.305
0.308
0.698

0.22
0.223
0.211

Avg Int Control Delay =
LOS =

glc
0.56
0.56
0.7

0.21
0.21
0.21

0.56
0.56
0.7

0.21
0.21
0.21

Capacity
924
944
361

237
324
67

914
945
194

276
324
119

vic
0.93
0.93
0.37

0.72
0.78
1.06

0.54
0.55
1

1.03
1.05
0.99

Project:
Analyst:
Date:
Sheetname:
45.99
D
Control
Delay LO
34.3 C
34.5 C
8.4 A
50.2 D
50.4 D
162 F
14.6 B
14.7 B
78.3 E
97.7 F
97.8 F
114.4 F

BLN
8/27/00
HCM #3

Cycle-

Average

Queue
8.2
8.4
0.3

2.4
3.5
3.2

2.1
4.2

7.7
9.2
3.7

Average Back

of Queue
7.3

11.9
0.9

1
2.8
2.4

1.2
2.5
5.1

4.6
7.6
3.3

95th
Percentile

Queue
13.4

20.1
2.3

2.3
6.1
5.3

2.9
5.6
10.1

9.3
13.9
7
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Subgroup Summary (HCM #3 Cont)

Subgroup
NBSub1l
NBSub2
NBSub3
NBSub4
NBSub5
NBSub6
NBSub7
NBSub8

EBSubl
EBSub2
EBSub3
EBSub4
EBSub5
EBSub6
EBSub7
EBSub8

SBSubl
SBSub2
SBSub3
SBSub4
SBSub5
SBSub6
SBSub7
SBSub8

WBSubl
WBSub2
WBSub3
WBSub4
WBSub5
WBSub6
WBSub7
WBSub8

Lane

WWNNPRPRPRRE P WWNNRP R PP WWNN P RPRREP P

WWNNRE PP

<
9]
<

rmr4—4—4—400 rmr4—4—4—420X0 rr—4—4—-4—-4203X

rm—r—4—-4—-4—-433

Veh
Type
car
truck
car
truck
car
truck
car
truck

car
truck
car
truck
car
truck
car
truck

car
truck
car
truck
car
truck
car
truck

car
truck
car
truck
car
truck
car
truck

Adj
Vol

752

76
408

506
10
190

23

248
13

322
17
112

Vol

Frac

0.102
0.002
0.879
0.018
0.979
0.021
0.977
0.023

0.591
0.029
0.363
0.018
0.949
0.051
0.944
0.056

0.154
0.004
0.826
0.016
0.981
0.019
0.979
0.021

0.081
0.004
0.870
0.046
0.950
0.050
0.949
0.051

LW
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.071
1.071
1.071
1.071
1.071
1.071
1.071
1.071

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.071
1.071
1.071
1.071
1.071
1.071
1.071
1.071

HV
1.000
2.000
1.000
2.000
1.000
2.000
1.000
2.000

1.000
2.000
1.000
2.000
1.000
2.000
1.000
2.000

1.000
2.000
1.000
2.000
1.000
2.000
1.000
2.000

1.000
2.000
1.000
2.000
1.000
2.000
1.000
2.000

Grade
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Park
(rt)
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.143
1.143
1.143
1.143
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.143
1.143
1.143
1.143
1.000
1.000
1.000
1.000

Park (It)
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Bus
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

AT
1111
1.111
1.111
1111
1.111
1.111
1111
1.111

1111
1.111
1.111
1.111
1.111
1.111
1.111
1.111

1.111
1.111
1.111
1.111
1.111
1111
1.111
1.111

1.111
1.111
1111
1.111
1.111
1111
1.111
1.111

RT
1.210
1.210
1.000
1.000
1.000
1.000
1.000
1.000

1.325
1.325
1.000
1.000
1.000
1.000
1.000
1.000

1.210
1.210
1.000
1.000
1.000
1.000
1.000
1.000

1.325
1.325
1.000
1.000
1.000
1.000
1.000
1.000

LT
1.000
1.000
1.000
1.000
1.000
1.000
3.233
3.233

1.000
1.000
1.000
1.000
1.000
1.000
4.800
4.800

1.000
1.000
1.000
1.000
1.000
1.000
6.029
6.029

1.000
1.000
1.000
1.000
1.000
1.000
2.712
2.712

TH
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

HEF
1.345
2.690
1.111
2.222
1.111
2.222
3.592
7.184

1.803
3.605
1.361
2.721
1.190
2.381
5.714
11.429

1.345
2.690
1.111
2.222
1.111
2.222
6.699
13.398

1.803
3.605
1.361
2.721
1.190
2.381
3.228
6.457
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LANE VOLUME FIELD DATA PER
CYCLE
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Intersection: Grand/Franklin

Date: 5/25/00
WB TH WB TH EB TH EB TH
Time Beg. Cycle WB RT (rtlane) (Itlane) WBLT EB RT  (rtlane) (ltlane) EBLT
6:59:40 AM 1 0 2 10 0 1 0 4 0
7:00:55 AM 2 1 5 5 1 0 2 1 2
7:02:10 AM 3 2 1 4 0 0 3 2 1
7:03:25 AM 4 0 4 6 0 0 3 2 1
7:04:40 AM 5 0 4 6 0 0 2 1 2
7:05:55 AM 6 1 4 12 0 0 3 2 0
7:07:10 AM 7 2 1 4 0 1 2 2 1
7:08:25 AM 8 0 5 6 0 0 2 2 0
7:09:40 AM 9 1 0 3 0 0 3 6 0
7:10:55 AM 10 0 2 2 0 1 3 1 2
7:12:10 AM 11 1 2 3 0 0 2 3 4
7:13:25 AM 12 1 4 0 0 0 2 1 0
7:14:40 AM 13 1 3 6 0 0 7 4 0
7:15:55 AM 14 0 4 3 0 0 5 5 1
7:17:10 AM 15 2 1 5 0 0 5 3 2
7:18:25 AM 16 0 3 7 0 0 4 3 1
7:19:40 AM 17 0 4 9 0 0 5 3 2
7:20:55 AM 18 0 3 8 0 0 1 1 2
7:22:10 AM 19 3 2 8 0 0 6 4 1
7:23:25 AM 20 1 5 9 0 0 0 1 0
7:24:40 AM 21 1 2 5 0 0 3 2 1
7:25:55 AM 22 2 4 5 0 0 7 5 2
7:27:10 AM 23 0 4 5 0 0 2 4 1
7:28:25 AM 24 1 2 6 0 0 3 5 0
7:29:40 AM 25 0 6 9 1 0 2 3 2
7:30:55 AM 26 0 5 9 0 0 5 2 2
7:32:10 AM 27 0 5 8 0 1 2 4 0
7:33:25 AM 28 2 5 8 0 1 2 1 1
7:34:40 AM 29 0 4 7 0 0 4 5 1
7:35:55 AM 30 1 4 6 0 0 4 3 1
7:37:10 AM 31 1 7 11 0 0 2 5 0
7:38:25 AM 32 1 12 11 0 0 7 1 2
7:39:40 AM 33 1 4 10 1 1 7 3 3
7:40:55 AM 34 2 3 8 0 0 9 4 2
7:42:10 AM 35 1 4 8 0 1 2 0 2
7:43:25 AM 36 0 3 5 1 0 2 5 0
7:44:40 AM 37 0 3 5 1 0 5 1 1
7:45:55 AM 38 1 4 11 0 1 7 3 2
7:47:10 AM 39 0 4 6 0 0 3 4 0
7:48:25 AM 40 2 4 7 1 1 1 4 1
7:49:40 AM 41 0 4 6 0 0 4 8 0
7:50:55 AM 42 0 3 8 0 0 9 6 1
7:52:10 AM 43 1 5 5 0 0 5 5 2
7:53:25 AM 44 0 8 4 1 0 9 5 1
7:54:40 AM 45 1 3 6 0 0 8 5 1
7:55:55 AM 46 1 7 7 0 2 7 10 0
7:57:10 AM 47 2 4 7 0 1 5 4 1
7:58:25 AM 48 1 4 6 0 0 6 2 2
7:59:40 AM 49 2 4 9 0 0 9 2 3
8:00:55 AM 50 2 8 4 1 0 8 3 1
8:02:10 AM 51 2 5 7 0 1 3 1 2
8:03:25 AM 52 0 14 1 1 1 8 3 2
8:04:40 AM 53 3 5 9 0 0 7 1 2
8:05:55 AM 54 2 10 7 1 0 8 8 1
8:07:10 AM 55 0 4 8 0 0 3 2 0
8:08:25 AM 56 0 8 5 2 2 3 7 0
8:09:40 AM 57 1 6 4 0 0 5 6 0
8:10:55 AM 58 2 9 5 1 0 11 6 2
8:12:10 AM 59 0 4 5 3 0 2 2 1
8:13:25 AM 60 3 5 5 0 2 1 8 0
8:14:40 AM 61 2 7 5 0 0 14 2 2
8:15:55 AM 62 0 6 7 0 1 13 4 4
8:17:10 AM 63 1 5 8 1 1 8 1 1
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Intersection: Grand/Franklin

Date: 5/25/00
WB TH WB TH EB TH EB TH
Time Beg. Cycle WB RT (rtlane) (Itlane) WBLT EB RT  (rtlane) (ltlane) EBLT
8:18:25 AM 64 0 6 8 0 0 5 7 0
8:19:40 AM 65 2 10 4 1 1 8 4 2
8:20:55 AM 66 1 3 12 0 1 5 4 3
8:22:10 AM 67 3 7 9 0 0 14 0 2
8:23:25 AM 68 0 5 0 1 0 2 8 0
8:24:40 AM 69 2 7 13 0 0 7 6 0
8:25:55 AM 70 2 4 9 0 1 7 3 3
8:27:10 AM 71 3 3 6 0 2 11 4 1
8:28:25 AM 72 0 2 6 0 1 3 8 0
8:33:25 AM 73 1 3 11 0 0 12 2 2
8:34:40 AM 74 4 3 12 0 0 12 0 1
8:35:55 AM 75 0 3 4 0 0 13 1 4
8:37:10 AM 76 1 7 3 2 1 7 2 2
8:38:25 AM 77 1 8 7 2 0 5 7 1
8:39:40 AM 78 2 6 14 0 1 15 2 3
8:40:55 AM 79 1 4 3 1 1 6 7 3
8:42:10 AM 80 2 4 12 1 0 0 7 1
8:43:25 AM 81 0 2 3 0 0 8 5 3
8:44:40 AM 82 1 3 10 0 2 9 5 1
8:45:55 AM 83 4 5 9 0 0 8 1 3
8:47:10 AM 84 3 4 6 0 0 3 3 1
8:48:25 AM 85 1 8 9 1 0 9 0 2
8:49:40 AM 86 2 4 9 0 0 9 4 2
8:50:55 AM 87 1 6 11 0 0 6 8 0
8:52:10 AM 88 2 3 4 1 1 9 2 2
8:53:25 AM 89 1 6 7 0 0 7 0 3
8:54:40 AM 90 1 6 10 0 0 12 1 3
8:55:55 AM 91 1 3 7 1 0 5 2 3
8:57:10 AM 92 0 7 11 0 1 4 3 2
8:58:25 AM 93 1 6 6 0 0 11 1 3
8:59:40 AM 94 2 3 14 0 0 13 0 2
9:00:55 AM 95 0 9 6 0 0 9 1 1
9:02:10 AM 96 2 3 8 1 0 8 1 2
9:03:25 AM 97 2 4 8 0 0 8 1 2
9:04:40 AM 98 2 5 4 0 1 3 3 2
9:05:55 AM 99 3 5 7 0 0 9 0 3
9:07:10 AM 100 0 1 6 0 1 10 1 3
9:08:25 AM 101 2 4 11 1 1 6 6 1
9:09:40 AM 102 1 5 11 0 1 2 11 0
9:10:55 AM 103 4 11 12 0 1 9 5 1
9:12:10 AM 104 0 7 8 0 0 5 1 3
9:13:25 AM 105 5 5 7 1 0 6 2 3
9:14:40 AM 106 2 7 6 2 0 8 5 2
9:15:55 AM 107 2 2 4 1 1 4 2 3
9:17:10 AM 108 1 4 6 0 0 7 0 2
9:18:25 AM 109 0 9 9 0 0 4 5 0
9:19:40 AM 110 3 3 7 0 1 4 3 4
9:20:55 AM 111 4 3 12 0 1 12 8 1
9:22:10 AM 112 1 4 15 1 1 5 1 0
9:23:25 AM 113 1 4 8 0 0 5 3 2
9:24:40 AM 114 2 4 6 0 0 10 6 1
9:25:55 AM 115 4 1 6 0 0 11 2 2
9:27:10 AM 116 0 8 6 0 2 0 1 2
9:28:25 AM 117 3 2 8 0 0 6 6 0
9:29:40 AM 118 2 4 8 1 2 4 3 1
9:30:55 AM 119 0 7 5 1 0 3 4 1
9:32:10 AM 120 0 1 7 0 0 3 6 1
9:33:25 AM 121 2 1 5 0 1 5 4 2
9:34:40 AM 122 1 4 4 0 0 4 3 1
9:35:55 AM 123 0 6 5 0 1 1 0 1
9:37:10 AM 124 1 5 9 1 0 2 1 0
9:38:25 AM 125 0 5 8 0 0 6 3 2
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Intersection: Grand/Franklin

Date: 5/25/00
WB TH WB TH EB TH EB TH
Time Beg. Cycle WB RT (rtlane) (Itlane) WBLT EB RT  (rtlane) (ltlane) EBLT
9:39:40 AM 126 1 4 5 0 1 3 5 0
9:40:55 AM 127 1 3 4 0 0 5 5 3
9:42:10 AM 128 2 4 4 0 1 1 8 0
9:43:25 AM 129 2 1 9 0 1 3 7 0
9:44:40 AM 130 2 1 6 1 2 5 5 2
9:45:55 AM 131 2 0 15 0 2 2 3 0
9:47:10 AM 132 1 4 8 0 0 10 1 1
9:48:25 AM 133 3 1 9 0 2 7 2 1
9:49:40 AM 134 1 2 2 0 1 4 5 1
9:50:55 AM 135 0 7 10 0 0 4 5 1
9:52:10 AM 136 2 10 8 1 0 7 0 1
9:53:25 AM 137 0 5 10 1 0 7 0 2
9:54:40 AM 138 1 5 17 0 1 9 3 1
9:55:55 AM 139 2 3 7 0 0 6 3 3
9:57:10 AM 140 3 7 2 1 2 3 6 0
9:58:25 AM 141 1 2 11 1 0 4 2 1
3:30:40 PM 142 0 7 12 1 2 11 1 2
3:31:55 PM 143 2 8 11 1 0 4 5 0
3:33:10 PM 144 2 3 13 0 0 4 2 0
3:34:25 PM 145 5 7 12 0 0 2 4 0
3:35:40 PM 146 4 9 13 0 0 6 0 1
3:36:55 PM 147 5 9 10 1 0 6 0 3
3:38:10 PM 148 1 8 12 0 0 4 2 0
3:39:25 PM 149 1 11 11 1 0 1 7 0
3:40:40 PM 150 1 8 12 0 1 8 1 2
3:41:55 PM 151 1 12 14 0 0 3 7 0
3:43:10 PM 152 4 11 4 3 2 2 5 0
3:44:25 PM 153 0 9 2 2 0 7 1 3
3:45:40 PM 154 1 10 2 1 1 8 1 3
3:46:55 PM 155 2 9 9 0 3 5 1 1
3:48:10 PM 156 2 10 8 1 2 4 4 0
3:49:25 PM 157 5 10 11 1 0 4 2 2
3:50:40 PM 158 2 5 11 0 1 5 5 2
3:51:55 PM 159 2 9 12 0 0 4 4 0
3:53:10 PM 160 1 10 10 0 0 8 0 3
3:54:25 PM 161 1 7 13 0 1 8 4 1
3:55:40 PM 162 5 4 11 0 0 5 0 2
3:56:55 PM 163 1 11 12 1 0 7 1 3
3:58:10 PM 164 3 5 12 0 1 6 4 1
3:59:25 PM 165 1 6 10 0 0 9 1 2
4:00:40 PM 166 1 13 6 1 1 8 4 2
4:01:55 PM 167 0 8 9 0 1 2 3 0
4:03:10 PM 168 2 11 13 0 0 8 1 3
4:04:25 PM 169 2 7 11 0 0 4 5 0
4:05:40 PM 170 0 12 8 0 0 3 1 4
4:06:55 PM 171 2 10 11 0 0 2 2 0
4:08:10 PM 172 4 9 12 2 0 0 4 0
4:09:25 PM 173 1 12 10 0 1 5 2 1
4:10:40 PM 174 3 6 11 0 1 1 8 0
4:11:55 PM 175 6 6 14 1 0 2 3 0
4:13:10 PM 176 4 11 6 1 3 8 6 1
4:14:25 PM 177 4 10 9 1 0 4 4 1
4:15:40 PM 178 1 10 9 0 1 3 0 1
4:16:55 PM 179 1 15 12 1 0 4 2 1
4:18:10 PM 180 1 12 12 0 0 0 5 0
4:19:25 PM 181 2 7 1 1 0 4 6 0
4:20:40 PM 182 2 8 11 0 1 8 0 2
4:21:55 PM 183 3 7 14 0 0 4 4 0
4:23:10 PM 184 3 7 8 0 0 9 2 1
4:24:25 PM 185 2 9 7 1 1 4 5 1
4:25:40 PM 186 1 8 8 0 0 3 8 0
4:26:55 PM 187 3 7 8 0 0 6 1 2
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Intersection:

Grand/Franklin

Date: 5/25/00
WB TH WB TH EB TH EB TH
Time Beg. Cycle WB RT (rtlane) (Itlane) WBLT EB RT  (rtlane) (ltlane) EBLT
4:28:10 PM 188 1 12 8 1 1 3 1 2
4:29:25 PM 189 5 9 12 0 0 5 2 0
4:30:40 PM 190 0 12 10 1 0 8 2 2
4:31:55 PM 191 2 11 10 0 1 7 0 1
4:33:10 PM 192 1 5 14 0 1 3 0 7
4:34:25 PM 193 1 11 13 0 0 13 0 2
4:35:40 PM 194 5 6 12 0 0 11 1 2
4:36:55 PM 195 1 11 11 0 0 5 0 2
4:38:10 PM 196 3 8 12 0 0 0 6 0
4:39:25 PM 197 1 7 12 0 1 4 8 0
4:40:40 PM 198 0 15 14 1 0 10 0 2
4:41:55 PM 199 1 10 6 0 1 10 0 1
4:43:10 PM 200 5 5 7 2 1 7 4 1
4:44:25 PM 201 1 12 11 0 0 13 0 2
4:45:40 PM 202 3 10 14 1 2 6 4 2
4:46:55 PM 203 3 14 14 1 0 4 0 2
4:48:10 PM 204 3 11 13 1 0 4 0 2
4:49:25 PM 205 3 10 4 1 0 5 5 1
4:50:40 PM 206 7 6 13 0 2 11 0 2
4:51:55 PM 207 3 15 15 0 0 8 5 2
4:53:10 PM 208 6 11 13 1 1 3 5 1
4:54:25 PM 209 2 9 10 0 0 4 6 1
4:55:40 PM 210 2 9 7 1 0 6 0 2
4:56:55 PM 211 2 10 13 2 0 3 0 1
4:58:10 PM 212 4 9 13 1 0 3 2 1
4:59:25 PM 213 1 9 6 2 0 0 0 0
5:00:40 PM 214 1 9 9 0 0 0 0 0
5:01:53 PM 215 4 13 14 0 0 2 0 4
5:03:08 PM 216 5 10 12 0 1 7 2 1
5:04:23 PM 217 2 8 14 0 0 7 7 1
5:05:38 PM 218 1 7 12 0 0 2 0 3
5:06:53 PM 219 5 4 14 0 0 2 4 0
5:08:08 PM 220 3 9 12 0 2 7 1 2
5:09:23 PM 221 2 8 7 1 0 7 8 1
5:10:38 PM 222 4 9 20 0 1 4 7 1
5:11:53 PM 223 4 13 11 0 1 4 3 1
5:13:08 PM 224 4 10 9 0 1 10 0 2
5:14:23 PM 225 3 13 15 0 1 7 0 2
5:15:38 PM 226 7 11 11 1 0 5 3 0
5:16:53 PM 227 5 10 12 0 0 1 10 0
5:18:08 PM 228 4 9 14 0 1 3 7 0
5:19:23 PM 229 5 7 11 0 1 11 0 2
5:20:38 PM 230 1 12 12 0 0 9 0 2
5:21:53 PM 231 1 8 11 0 0 7 0 1
5:23:08 PM 232 3 8 13 1 0 4 6 0
5:24:23 PM 233 3 11 13 1 0 1 5 0
5:25:38 PM 234 3 13 14 0 0 6 2 1
5:26:53 PM 235 5 8 15 0 0 2 1 1
5:28:08 PM 236 3 6 10 0 2 5 3 1
5:29:23 PM 237 2 8 10 0 1 8 0 2
5:30:38 PM 238 3 9 14 0 0 3 10 0
5:31:53 PM 239 2 9 11 1 0 9 0 1
5:33:08 PM 240 3 5 9 0 1 3 7 0
5:34:23 PM 241 5 11 12 1 1 7 1 1
5:35:38 PM 242 1 7 11 0 1 6 2 2
5:36:53 PM 243 2 8 13 0 1 3 1 3
5:38:08 PM 244 4 3 17 0 1 3 5 1
5:39:23 PM 245 4 8 14 1 0 6 2 0
5:40:38 PM 246 5 5 10 0 0 10 0 1
5:41:53 PM 247 6 6 13 0 0 5 0 1
5:43:08 PM 248 6 11 14 0 0 3 5 0
5:44:23 PM 249 3 4 8 1 1 8 2 2
5:45:38 PM 250 4 12 12 0 0 6 0 2



Intersection:

Grand/Franklin

Date: 5/25/00
WB TH WB TH EB TH EB TH
Time Beg. Cycle WB RT (rtlane) (Itlane) WBLT EB RT  (rtlane) (ltlane) EBLT
5:46:53 PM 251 5 10 10 0 0 5 0 2
5:48:08 PM 252 2 11 13 0 0 3 4 1
5:49:23 PM 253 5 14 8 1 4 14 0 1
5:50:38 PM 254 4 11 13 1 0 10 0 2
5:51:53 PM 255 6 7 17 0 0 6 3 0
5:53:08 PM 256 5 10 8 0 1 3 3 0
5:54:23 PM 257 5 6 10 0 3 6 1 3
5:55:38 PM 258 5 10 16 0 1 12 1 2
5:56:53 PM 259 5 6 13 0 0 7 0 2
5:58:08 PM 260 1 13 10 0 0 4 3 1
5:59:23 PM 261 3 3 7 0 1 6 6 0
6:00:38 PM 262 0 7 11 0 0 7 1 0
6:01:53 PM 263 0 11 12 0 0 3 2 0
6:03:08 PM 264 0 11 12 0 0 8 0 0
6:04:24 PM 265 3 6 7 0 1 4 2 1
6:05:39 PM 266 1 8 3 1 1 9 1 5
6:06:54 PM 267 3 12 13 0 0 2 2 1
6:08:09 PM 268 5 6 8 0 1 3 3 0
6:09:24 PM 269 2 6 9 1 0 0 5 0
6:10:39 PM 270 7 8 14 0 2 7 0 2
6:11:54 PM 271 4 11 12 1 0 3 0 2
6:13:09 PM 272 3 9 15 0 0 4 0 2
6:14:24 PM 273 2 10 13 0 0 4 3 0
6:15:39 PM 274 1 10 10 0 0 6 1 3
6:16:54 PM 275 2 9 8 0 1 6 0 3
6:18:09 PM 276 6 9 4 3 0 6 1 1
6:19:24 PM 277 0 12 9 2 0 2 5 0
6:20:39 PM 278 2 10 10 0 3 6 3 6
6:21:54 PM 279 3 7 9 0 1 1 1 2
6:23:09 PM 280 2 6 12 0 0 3 2 1
6:24:24 PM 281 0 13 13 0 1 2 2 1
6:25:39 PM 282 3 3 9 1 2 1 1 2
6:26:54 PM 283 1 2 11 0 1 6 1 1
6:28:09 PM 284 2 8 12 1 2 0 0 0
6:29:24 PM 285 2 7 11 0 1 1 0 1
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Intersection:  Poole/Beverly

Date: 9/18/00
WB TH WB TH WB LT EB TH EB TH
Time Cycle (rt lane) (It lane) (It lane) EB RT  (rtlane) (It lane)
3:57:24 PM 1 5 6 2 1 7 11
3:59:05 PM 2 11 4 2 5 5 7
4:01:33 PM 4 9 1 2 3 2 8
4:02:33 PM 5 4 1 8 12
4:03:40 PM 6 10 5 2 3 9 13
4:05:10 PM 7 11 6 5 3 7 19
4:07:42 PM 9 11 3 2 3 4 8
4:09:03 PM 10 16 10 3 4 17 18
4:11:53 PM 12 10 5 2 5 1 13
4:13:54 PM 13 16 9 1 5 12 14
4:21:04 PM 16 8 8 4 8 13
4:23:12 PM 17 7 7 1 3 2 5
4:24:15 PM 18 11 3 1 11 15
4:25:30 PM 19 19 2 4 8 10 20
4:28:14 PM 21 2 3 1 0 5 9
4:29:23 PM 22 8 7 3 8 8
4:31:22 PM 23 9 5 5 3 3 12
4:32:58 PM 24 3 4 4 2 5
4:33:56 PM 25 8 1 2 1 1 7
4:34:46 PM 26 12 3 3 4 6 15
4:36:13 PM 27 10 2 2 2 4 5
4:37:52 PM 29 19 5 3 3 14 12
4:39:47 PM 30 6 5 2 6 6
4:40:54 PM 31 11 4 4 3 9 8
4:42:15 PM 32 9 1 1 2 3 11
4:43:08 PM 33 8 7 5 6 17
4:45:39 PM 35 6 4 2 2 5 6
4:46:56 PM 36 7 6 1 1 4 6
4:48:31 PM 38 14 11 1 6 4 12
4:50:18 PM 39 5 2 1 4 9
4:51:11 PM 40 8 6 2 4 7 17
4:52:23 PM 41 3 7 1 2 4 5
4:53:13 PM 42 8 3 2 5 7 10
4:54:47 PM 43 9 8 1 1 2 9
4:56:41 PM 44 6 4 2 3 8
4:58:05 PM 45 15 3 3 2 11 12
5:00:37 PM 47 11 3 3 6 9 10
5:02:23 PM 48 6 3 1 8 7
5:03:27 PM 49 9 8 1 11 11
5:04:20 PM 50 14 11 2 5 9 16
5:06:10 PM 51 10 2 2 1 5 9
5:07:08 PM 52 6 2 3 4 13
5:08:27 PM 54 25 4 6 5 15 22
5:10:10 PM 55 10 13 7 6 16
5:11:33 PM 56 9 5 3 6 6 14
5:13:28 PM 57 3 1 1 4 10 9
5:16:21 PM 61 6 6 2 9 9
5:17:20 PM 62 9 2 5 5 6 12
5:18:48 PM 63 6 3 6 8 14
5:19:57 PM 64 6 2 2 2 2 3
5:20:47 PM 65 17 8 3 10 13 21
5:23:07 PM 66 10 4 1 5 7 21
5:24:41 PM 67 4 4 3 10 10
5:25:52 PM 68 10 4 2 5 10 9
5:28:00 PM 70 5 4 1 2 2 3
5:35:04 PM 72 7 3 5 8
5:35:54 PM 73 3 2 2 2 6
5:36:48 PM 74 6 2 5 7 15
5:37:47 PM 75 5 2 1 1 7 4
5:42:03 PM 77 4 1 5 4 5 10
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Intersection: Peace/St Mary's

Date: 9/21/00
WBTH WBTH EB TH EB TH
Time Cycle WBLT (Itlane) (rtlane) WBRT EB RT (rtlane) (It lane) EBLT
3:43:18 PM 1 3 2 12 3 1 8 2
3:43:19 PM 2 3 4 5 3 2 3 2 1
3:43:21 PM 3 9 4 1 1 3 1
3:43:24 PM 4 1 4 5 1 1 12 2 1
3:43:28 PM 5 4 3 1 2 4 2
3:43:33 PM 6 5 4 1 3 1
3:43:39 PM 7 1 2 1 3 5 2 1
3:43:46 PM 8 2 1 2 4 5
3:43:54 PM 9 7 6 1 2 2 4
3:44:03 PM 10 4 4 2 10 1 1
3:44:13 PM 11 1 6 3 3 3 5 2
3:44:24 PM 12 4 3 1 1 10 4
3:44:36 PM 13 7 4 3 3 9 6 1
3:44:49 PM 14 1 6 1 4 2 4 3 1
3:45:03 PM 15 2 1 11 4
3:45:18 PM 16 1 3 1 3 3 10 6
3:45:34 PM 17 3 1 4 3 1 9 4
3:45:51 PM 18 1 7 6 1 1 6 5
3:46:09 PM 19 8 4 1 7 4 1
3:46:28 PM 20 6 4 2 2 3 2 1
3:46:48 PM 21 3 2 1 3 7 5
3:47:09 PM 22 2 2 2 1 8 5
3:47:31 PM 23 2 3 7 3 8 3
3:47:54 PM 24 1 6 2 1 11 6
3:48:18 PM 25 2 6 1 1 1 7 2
3:48:43 PM 26 3 3 1 2 1 1
3:49:09 PM 27 9 6 2 1 4 2 1
3:49:36 PM 28 2 2 6 1 1 4 2 1
3:50:04 PM 29 5 4 1 3 3 1 1
3:50:33 PM 30 1 4 5 6 3 1
3:51:03 PM 31 6 3 2 2 11 3
3:51:34 PM 32 5 3 2 3 9 5
3:52:06 PM 33 2 7 7 4 1 5 4
3:52:39 PM 34 2 3 4 2 4 3 2
3:53:13 PM 35 4 1 7 1 2 3 3
3:53:48 PM 36 6 4 1 3 6 3 1
3:54:24 PM 37 1 5 3 2 2 7 4 1
3:55:01 PM 38 9 3 1 1 7 4 1
3:55:39 PM 39 8 1 1 4 8 1 1
3:56:18 PM 40 7 5 3 10 7
3:56:58 PM 41 3 5 1 3 9 8
3:57:39 PM 42 1 1 8 4 2 14 10
3:58:21 PM 43 6 5 1 2 5 6
3:59:04 PM 44 8 4 2 2 7
3:59:48 PM 45 1 5 5 1 6 5
4:00:33 PM 46 9 4 3 5 5
4:01:19 PM 47 1 4 6 4 2 1 1
4:02:06 PM 48 3 2 2 1 2 3
4:02:54 PM 49 1 4 4 2 3 3 2
4:03:43 PM 50 4 3 2 1 8 4
4:04:33 PM 51 4 7 2 7 4
4:05:24 PM 52 10 7 4 2 6 3
4:06:16 PM 53 2 5 4 9 3 1
4:07:09 PM 54 2 5 1 1 2 5 5
4:08:03 PM 55 7 7 1 4 1
4:08:58 PM 56 9 8 2 10 3 1
4:09:54 PM 57 1 5 10 2 7 7
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Intersection: Peace/St Mary's

Date: 9/21/00
WBTH WBTH EB TH EB TH
Time Cycle WBLT (Itlane) (rtlane) WBRT EB RT (rtlane) (It lane) EBLT

4:10:51 PM 58 1 5 3 2 1 11 2 1
4:11:49 PM 59 2 1 1 4 7 3 2
4:12:48 PM 60 5 3 1 2 3

4:13:48 PM 61 2 4 7 3 1 3 3

4:14:49 PM 62 1 12 7 3 2 1 4 4

4:15:51 PM 63 1 1 7 4 1 10 4 1
4:16:54 PM 64 2 4 7 3 1 12 2 3
4:17:58 PM 65 2 4 6 4 1
4:19:03 PM 66 11 7 6 3 7 7

4:20:09 PM 67 5 8 1 1 8 8

4:21:16 PM 68 1 8 8 1 8 4

4:22:24 PM 69 2 7 6 1 1 6 3

4:23:33 PM 70 2 5 7 1 2 9 9

4:24:43 PM 71 3 3 8 2 1 5 5

4:25:54 PM 72 4 4 12 3 3 8 1 1
4:27:06 PM 73 1 1 5 2 11 5 2
4:28:19 PM 74 1 12 11 2 7 4 1
4:29:33 PM 75 4 4 5 1 8 3

4:30:48 PM 76 2 4 10 1 1 8 6 2
4:32:04 PM 77 2 5 6 1 2 8 5 2
4:33:21 PM 78 2 12 5 3 7 2 1
4:34:39 PM 79 1 3 2 2 1 11 3

4:35:58 PM 80 4 1 9 4 1
4:37:18 PM 81
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Intersection:

Peace/St Mary's

Date: 16/16/00
WBTH  WBTH EB TH EB TH
Time Cycle WBLT (tlane) (rtlane) WBRT EBRT (rtlane) (ltlane) EBLT
4:23:33 PM 1 2 1 5 3 10 3 1
4:24:51 PM 2 4 4 4 2 9 2
4:26:12 PM 3 1 3 8 1 8 8 1
4:27:32 PM 4 1 1 3 1 1 11 4
4:28:52 PM 5 1 8 8 2 1 11 4
4:30:12 PM 6 3 12 1 8 5 1
4:31:31 PM 7 7 3 3 2 4 4
4:32:52 PM 8 6 8 2 2 7 3 1
4:34:12 PM 9 1 5 5 1 6 4
4:35:31 PM 10 1 9 12 10 3
4:36:53 PM 11 1 9 2 1 11 1
4:38:13 PM 12 5 2 4 1 13 4 1
4:39:32 PM 13 2 4 2 1 1 12 8
4:40:52 PM 14 1 1 8 2 3 8 4 2
4:43:31 PM 15 3 5 2 1 12 6
4:44:51 PM 16 1 4 4 2 6 2
4:46:11 PM 17 1 6 5 1 2 5
4:47:31 PM 18 7 6 4 1 7 3
4:48:51 PM 19 5 7 10 1 3 6 1
4:50:11 PM 20 1 2 9 2 3 8 3
4:51:31 PM 21 1 6 9 3 6 6
4:52:51 PM 22 10 10 2 1 11 5 1
4:54:12 PM 23 1 8 1 3 7 8 1
4:55:32 PM 24 1 6 5 3 2 5 6
4:56:52 PM 25 1 9 5 1 1 11 2 1
4:58:11 PM 26 1 8 4 2 3 6 1
4:59:31 PM 27 1 4 1 1 4 6 3
5:00:51 PM 28 8 2 2 4 7 4
5:02:11 PM 29 10 9 3 1 7 5
5:03:31 PM 30 9 6 2 3 9 6
5:04:50 PM 31 1 7 1 12 8 1
5:06:11 PM 32 1 6 5 4 2 5 5
5:07:31 PM 33 6 3 4 4 6 4 3
5:08:51 PM 34 1 8 9 2 4 7 6
5:10:14 PM 35 10 7 2 2 9 12
5:11:32 PM 36 1 4 7 3 3 9 3 1
5:12:51 PM 37 1 4 6 5 3 9 2
5:14:11 PM 38 5 6 3 8 4
5:15:30 PM 39 2 7 4 4 2 4 4
5:16:51 PM 40 9 3 4 2 14 1 3
5:18:11 PM 41 1 4 7 1 6 2
5:19:31 PM 42 1 5 15 2 1 10 4
5:20:51 PM 43 1 1 4 2 4 3
5:22:14 PM 44 8 9 1 5 2 1
5:23:31 PM 45 8 8 3 1 6 4
5:24:51 PM 46 1 4 3 2 7 6
5:26:14 PM 47 11 9 4 2 9 9
5:27:32 PM 48 1 1 9 1 2 5 5
5:28:51 PM 49 2 6 12 4 9 5
5:30:11 PM 50 9 3 2 2 10 2 1
5:31:33 PM 51 3 6 10 3 1 5 10
5:32:51 PM 52 1 8 7 3 4 7
5:34:12 PM 53 2 2 8 14 6
5:35:32 PM 54 7 7 2 1 3 1
5:36:51 PM 55 1 9 7 3 2 3 2
5:39:32 PM 56 5 3 8 1 7 4 1
5:40:54 PM 57 3 6 2 1 4 3 1
5:42:11 PM 58 6 5 1 5 4 1
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Intersection:

Peace/St Mary's

Date: 16/16/00
WBTH  WBTH EB TH EB TH
Time Cycle WBLT (tlane) (rtlane) WBRT EBRT (rtlane) (ltlane) EBLT

5:43:31 PM 59 3 8 6 2 1 9 5 1
5:44:51 PM 60 8 4 7 4

5:46:12 PM 61 8 4 4 1 6 2

5:47:30 PM 62 2 2 5 1 4 3 1
5:48:50 PM 63 1 6 11 8 4

5:54:11 PM 64 1 4 5 2 1 8 5 1
5:55:32 PM 65 1 6 5 1 1 3 4

5:56:51 PM 66 3 2 5 2 4 2 1
5:58:11 PM 67 3 4 6 3 2 13 2 1
5:59:31 PM 68 5 5 2 3 5 6 2
6:00:50 PM 69 1 6 4 4 2 6 4 1
6:02:11 PM 70 1 5 5 2 2 5 3 1
6:03:30 PM 71 4 3 3 2 2 4

6:04:55 PM 72 4 3 5 1 1 2

6:06:11 PM 73 8 8 2 1 7 3 1
6:07:31 PM 74 3 2 2 1 5 3

6:08:51 PM 75 4 3 1 1 7 4

6:10:11 PM 76 4 8 3 1
6:11:31 PM 77 3 4 1 2 3 2

6:12:46 PM 78 1 4 3 2 2 1 1
6:13:50 PM 79 5 2 1 5 1
6:14:58 PM 80 3 4 8 4 5 2

6:16:09 PM 81 1 4 1 1 2 5

6:17:19 PM 82 3 1 6 3

6:18:28 PM 83 1 1 3 3 3 5 4 1
6:19:38 PM 84 4 4 3 1 4 3 1
6:20:49 PM 85 1 3 4 5 3 2

6:21:58 PM 86 1 5 3 4 4 5

6:23:08 PM 87 4 1 1 2 4 2 1
6:24:20 PM 88 2 7 6 2 1 6 5
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Intersection: Hillsborough/McDowell

Date: 9/25/00
EB TH EB TH WBTH WBTH

Time Cycle EBRT (tlane) (ltlane) EBLT WB LT (Itlane) (rtlane) WBRT
4:14:12 PM 1 5 2 3
4:15:32 PM 2 2 2 2 1 0 1
4:16:53 PM 3 2 6 3 1
4:18:12 PM 4 4 2 7
4:19:32 PM 5 2 6 4
4:20:52 PM 6 4 6 1
4:22:12 PM 7 3 2 3 1
4:23:32 PM 8 3 1 5
4:24:52 PM 9 5 3 3
4:26:12 PM 10 4 4 4 1
4:27:32 PM 11 3 1 2
4:28:53 PM 12 2 2 5 2 1
4:30:17 PM 13 1 2 4
4:31:33 PM 14 2 2 3 2
4:32:53 PM 15 4 3 2 2
4:34:12 PM 16 5 3 4 1 1
4:35:32 PM 17 5 3 3 3
4:36:53 PM 18 4 4 2 1
4:38:12 PM 19 3 2 3 1 1
4:39:32 PM 20 5 1 7 2
4:40:54 PM 21 4 3 3 1 2
4:42:12 PM 22 7 4 4 1 2 1
4:43:37 PM 23 2 1 5 3
4:44:53 PM 24 7 6 1
4:46:13 PM 25 4 1 5
4:47:32 PM 26 2 1 8 3
4:48:52 PM 27 4 4 2
4:50:13 PM 28 2 2 1 2 1
4:51:32 PM 29 3 2 4 2
4:52:52 PM 30 2 3 2 1 1
4:54:13 PM 31 5 4 3 1 1
4:55:32 PM 32 1 3 4
4:56:55 PM 33 5 10 1 1
4:58:12 PM 34 3 3 5 1 1 1
4:59:32 PM 35 3 2 4 1 1 1
5:00:52 PM 36 4 1 5 2 1
5:02:13 PM 37 3 8 4
5:03:32 PM 38 4 2 5 2 3
5:04:52 PM 39 9 9 1 1 3
5:06:14 PM 40 5 1 3 3 3
5:07:32 PM 41 3 1 9 4
5:08:52 PM 42 4 3 7 2 1
5:10:13 PM 43 6 4 5 1 1
5:11:32 PM 44 1 6 1 3 1
5:12:53 PM 45 2 2 7 2 2
5:14:13 PM 46 4 1 7 1 2
5:15:32 PM 47 4 1 7 1 1
5:16:52 PM 48 4 1 4 2 1 1
5:18:12 PM 49 1 3 5 1 1
5:19:34 PM 50 3 3 5 3 1
5:20:52 PM 51 3 1 6 1 2
5:22:12 PM 52 3 1 10 2 1 1
5:23:33 PM 53 3 2 2 1 1
5:24:53 PM 54 4 3 4 1 1
5:26:12 PM 55 4 2 2 1 1 2
5:27:33 PM 56 2 3 4 2 1
5:28:52 PM 57 2 1 2 1
5:30:13 PM 58 3 3 3
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Intersection: Hillsborough/McDowell

Date: 9/25/00
EB TH EB TH WBTH WBTH

Time Cycle EBRT (tlane) (ltlane) EBLT WB LT (Itlane) (rtlane) WBRT
5:31:31 PM 59 2 3 4 1
5:32:52 PM 60 5 1 5 1 2 1
5:34:12 PM 61 8 5 3 2
5:35:32 PM 62 3 4 3 1
5:36:51 PM 63 4 2 4
5:38:13 PM 64 1 2 6 1
5:39:32 PM 65 2 1 4 1 2 1
5:40:52 PM 66 2 1 2 4
5:42:13 PM 67 1 2 3
5:43:32 PM 68 1 2 4
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APPENDIX C

LANE VOLUME DATA PER 15
MINUTES

120



INTERSECTION: Grand/Franklin
DATE: 5/25/00

Tt

WB TH WB TH EB EB TH EB TH
Time Beginning WB RT (rt lane) (Itlane) WBLT RT (rt lane) (Itlane) EBLT
7:00 AM 36 136 244 4 12 108 108 52
7:15 AM 44 148 304 0 0 192 160 52
7:30 AM 36 248 400 12 16 192 144 64
7:45 AM 36 212 312 12 20 276 228 48
8:00 AM 68 328 276 36 24 272 196 56
8:15 AM 64 260 348 12 32 388 204 72
8:30 AM 80 208 376 24 20 392 168 100
8:45 AM 56 256 408 16 8 408 92 100
9:00 AM 96 240 360 20 24 308 148 100
9:15 AM 80 200 388 12 28 268 192 60
9:30 AM 60 152 328 8 36 188 180 48
9:45 AM 104 408 504 36 20 232 140 44
3:30 PM 104 384 484 16 36 292 108 80
3:45 PM 116 460 480 24 28 188 172 48
4:00 PM 100 444 440 16 16 212 144 40
4:15 PM 84 452 528 16 20 364 84 88
4:30 PM 156 492 540 44 20 228 108 68
4:45 PM 152 452 596 4 28 236 128 72
5:00 PM 168 444 584 12 20 248 148 40
5:15 PM 176 344 584 16 24 264 140 48
5:30 PM 200 452 548 8 40 328 84 64
5:45 PM 120 420 516 12 20 216 76 52

6:00 PM 96 384 472 28 48 160 68 84



INTERSECTION: Poole/Beverly
DATE: 9/18/00

act

WB TH WB TH (It EB EB TH (rt EB TH
Time Beginning WB RT (rt lane) lane) WBLT RT lane) (Itlane) EBLT
3:30 PM 0 375 178 76 120 262 447 0
3:45 PM 0 363 167 79 129 234 455 0
4:00 PM 0 430 243 69 134 284 462 0
4:15 PM 0 455 195 73 122 321 485 0
4:30 PM 0 351 193 83 220 338 566 0
4:45 PM 0 343 94 111 189 326 471 0
INTERSECTION: Peace/StMary's
DATE: 9/21/00
WB TH WB TH (It EB EB TH (rt EB TH
Time Beginning WB RT (rt lane) lane) WBLT RT lane) (Itlane) EBLT
3:45 PM 83 213 237 35 79 300 142 23
4:00 PM 81 150 181 50 54 352 189 11
4:15 PM 57 212 208 45 77 233 122 32
4:30 PM 20 200 265 16 69 302 237 12
4:45 PM 69 229 249 28 49 294 147 16
5:00 PM 98 265 249 36 53 298 184 28

5:15 PM 73 294 233 90 40 372 192 40



INTERSECTION: Peace/St Mary's
DATE: 11/16/00

ect

WB TH WB TH (It EB EB TH (rt EBTH
Time Beginning WB RT (rt lane) lane) WBLT RT lane) (Itlane) EBLT
4:30 PM 49 286 216 61 45 388 167 16
4:45 PM 73 286 225 49 81 372 180 28
5:00 PM 102 253 225 24 98 310 245 40
5:15 PM 110 315 265 32 77 347 175 20
5:30 PM 102 327 290 45 65 306 233 4
5:45 PM 81 225 249 57 28 265 163 28
6:00 PM 85 216 200 36 69 237 126 28
6:15 PM 112 163 205 65 28 215 149 23

INTERSECTION: Hillsborough/McDowell
DATE:  9/25/00

WB TH WB TH (It EB EB TH (rt EBTH
Time Beginning WB RT  (rt lane) lane) WBLT RT lane) (Itlane) EBLT
4:15 PM 12 4 8 0 0 151 118 171
4:30 PM 32 24 40 0 0 171 118 163
4:45 PM 28 12 45 0 0 151 69 208
5:00 PM 77 45 73 0 0 184 53 265
5:15 PM 45 32 61 0 0 143 81 241
5:30 PM 36 16 53 0 0 139 81 167



APPENDIX D

LANE DISTRIBUTION MODEL
EVALUATION OUTPUT
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Run THVol  TH Vol Lanel Lane2 %THin Opp
Intersection Number Approach Criterion RT Vol (rtlane) (ltlane) LT Vol Vol Vol LT Lane Vol Conf Vol Sub Vol
Grand/Franklin 1 EB Field Value 12 108 108 52 120 160 50 416 21.6 280
Grand/Franklin 1 EB Delay 12 216 0 52 228 52 0 416 21.6 280
Grand/Franklin 1 EB Queue 12 128 88 52 140 140 41 416 21.6 280
Grand/Franklin 1 EB Volume 12 128 88 52 140 140 41 416 21.6 280
Grand/Franklin 1 EB Flow Ratio 12 181 35 52 193 87 16 416 21.6 280
Grand/Franklin 1 EB Back of Queue 12 148 68 52 160 120 31 416 21.6 280
Grand/Franklin 1 EB Bonneson 12 132 84 52 144 136 39 384 20.0 280
Grand/Franklin 1 WB Field Value 36 136 244 4 172 248 64 228 0.9 420
Grand/Franklin 1 WB Delay 36 190 190 4 226 194 50 228 0.9 420
Grand/Franklin 1 WB Queue 36 175 205 4 211 209 54 228 0.9 420
Grand/Franklin 1 WB Volume 36 174 206 4 210 210 54 228 0.9 420
Grand/Franklin 1 WB Flow Ratio 36 182 198 4 218 202 52 228 0.9 420
Grand/Franklin 1 WB Back of Queue 36 190 190 4 226 194 50 228 0.9 420
Grand/Franklin 1 wB Bonneson 36 164 216 4 200 220 57 268 11 420
Grand/Franklin 2 EB Field Value 0 192 160 52 192 212 45 496 25.8 404
Grand/Franklin 2 EB Delay 0 311 41 52 311 93 12 496 25.8 404
Grand/Franklin 2 EB Queue 0 221 131 52 221 183 37 496 25.8 404
Grand/Franklin 2 EB Volume 0 202 150 52 202 202 43 496 25.8 404
Grand/Franklin 2 EB Flow Ratio 0 263 89 52 263 141 25 496 25.8 404
Grand/Franklin 2 EB Back of Queue 0 231 121 52 231 173 34 496 25.8 404
Grand/Franklin 2 EB Bonneson 0 212 140 52 212 192 40 452 235 404
Grand/Franklin 2 WB Field Value 44 148 304 0 192 304 67 352 0.0 496
Grand/Franklin 2 WB Delay 44 196 256 0 240 256 57 352 0.0 496
Grand/Franklin 2 WB Queue 44 206 246 0 250 246 54 352 0.0 496
Grand/Franklin 2 WB Volume 44 204 248 0 248 248 55 352 0.0 496
Grand/Franklin 2 WB Flow Ratio 44 198 254 0 242 254 56 352 0.0 496
Grand/Franklin 2 WB Back of Queue 44 216 236 0 260 236 52 352 0.0 496
Grand/Franklin 2 wB Bonneson 44 452 0 0 496 0 0 404 0.0 496
Grand/Franklin 3 EB Field Value 16 192 144 64 208 208 43 684 43.8 416
Grand/Franklin 3 EB Delay 16 336 0 64 352 64 0 684 43.8 416
Grand/Franklin 3 EB Queue 16 228 108 64 244 172 32 684 43.8 416
Grand/Franklin 3 EB Volume 16 192 144 64 208 208 43 684 43.8 416
Grand/Franklin 3 EB Flow Ratio 16 280 56 64 296 120 17 684 43.8 416
Grand/Franklin 3 EB Back of Queue 16 228 108 64 244 172 32 684 43.8 416
Grand/Franklin 3 EB Bonneson 16 240 96 64 256 160 29 660 422 416
Grand/Franklin 3 WB Field Value 36 248 400 12 284 412 62 352 4.2 696
Grand/Franklin 3 WB Delay 36 344 304 12 380 316 47 352 4.2 696
Grand/Franklin 3 WB Queue 36 324 324 12 360 336 50 352 4.2 696
Grand/Franklin 3 WB Volume 36 312 336 12 348 348 52 352 4.2 696
Grand/Franklin 3 WB Flow Ratio 36 336 312 12 372 324 48 352 4.2 696
Grand/Franklin 3 WB Back of Queue 36 339 309 12 375 321 48 352 4.2 696
Grand/Franklin 3 wB Bonneson 36 298 350 12 334 362 54 400 4.8 696
Grand/Franklin 4 EB Field Value 20 276 228 48 296 276 45 560 26.9 572
Grand/Franklin 4 EB Delay 20 360 144 48 380 192 29 560 26.9 572
Grand/Franklin 4 EB Queue 20 292 212 48 312 260 42 560 26.9 572
Grand/Franklin 4 EB Volume 20 266 238 48 286 286 47 560 26.9 572
Grand/Franklin 4 EB Flow Ratio 20 329 175 48 349 223 35 560 26.9 572
Grand/Franklin 4 EB Back of Queue 20 302 202 48 322 250 40 560 26.9 572
Grand/Franklin 4 EB Bonneson 20 283 221 48 303 269 44 536 257 572
Grand/Franklin 4 WB Field Value 36 212 312 12 248 324 60 524 6.3 572
Grand/Franklin 4 WB Delay 36 292 232 12 328 244 44 524 6.3 572
Grand/Franklin 4 WB Queue 36 262 262 12 298 274 50 524 6.3 572
Grand/Franklin 4 WB Volume 36 250 274 12 286 286 52 524 6.3 572
Grand/Franklin 4 WB Flow Ratio 36 281 243 12 317 255 46 524 6.3 572
Grand/Franklin 4 WB Back of Queue 36 277 247 12 313 259 47 524 6.3 572
Grand/Franklin 4 wB Bonneson 36 239 285 12 275 297 54 552 6.6 572
Grand/Franklin 5 EB Field Value 24 272 196 56 296 252 42 672 37.6 548
Grand/Franklin 5 EB Delay 24 389 79 56 413 135 17 672 37.6 548
Grand/Franklin 5 EB Queue 24 289 179 56 313 235 38 672 37.6 548
Grand/Franklin 5 EB Volume 24 250 218 56 274 274 47 672 37.6 548
Grand/Franklin 5 EB Flow Ratio 24 332 136 56 356 192 29 672 37.6 548
Grand/Franklin 5 EB Back of Queue 24 294 174 56 318 230 37 672 37.6 548
Grand/Franklin 5 EB Bonneson 24 299 169 56 323 225 36 640 35.8 548
Grand/Franklin 5 WB Field Value 68 328 276 36 396 312 46 492 17.7 708
Grand/Franklin 5 WB Delay 68 350 254 36 418 290 42 492 17.7 708
Grand/Franklin 5 WB Queue 68 302 302 36 370 338 50 492 17.7 708
Grand/Franklin 5 WB Volume 68 286 318 36 354 354 53 492 17.7 708
Grand/Franklin 5 WB Flow Ratio 68 332 272 36 400 308 45 492 17.7 708
Grand/Franklin 5 WB Back of Queue 68 322 282 36 390 318 47 492 17.7 708
Grand/Franklin 5 wB Bonneson 68 283 321 36 351 357 53 524 18.9 708
Grand/Franklin 6 EB Field Value 32 388 204 72 420 276 34 672 48.4 696
Grand/Franklin 6 EB Delay 32 451 141 72 483 213 24 672 48.4 696
Grand/Franklin 6 EB Queue 32 363 229 72 395 301 39 672 48.4 696
Grand/Franklin 6 EB Volume 32 316 276 72 348 348 47 672 48.4 696
Grand/Franklin 6 EB Flow Ratio 32 407 185 72 439 257 31 672 48.4 696
Grand/Franklin 6 EB Back of Queue 32 371 221 72 403 293 37 672 48.4 696
Grand/Franklin 6 EB Bonneson 32 398 194 72 430 266 33 620 44.6 696
Grand/Franklin 6 WB Field Value 64 260 348 12 324 360 57 624 75 684
Grand/Franklin 6 WB Delay 64 324 284 12 388 296 47 624 7.5 684
Grand/Franklin 6 WB Queue 64 289 319 12 353 331 52 624 75 684
Grand/Franklin 6 WB Volume 64 278 330 12 342 342 54 624 7.5 684
Grand/Franklin 6 WB Flow Ratio 64 311 297 12 375 309 49 624 75 684
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Grand/Franklin 6 WB Back of Queue 64 309 299 12 373 311 49 624 7.5 684
Grand/Franklin 6 wB Bonneson 64 265 343 12 329 355 56 664 8.0 684
Grand/Franklin 7 EB Field Value 20 392 168 100 412 268 30 664 66.4 680
Grand/Franklin 7 EB Delay 20 495 65 100 515 165 12 664 66.4 680
Grand/Franklin 7 EB Queue 20 380 180 100 400 280 32 664 66.4 680
Grand/Franklin 7 EB Volume 20 320 240 100 340 340 43 664 66.4 680
Grand/Franklin 7 EB Flow Ratio 20 431 129 100 451 229 23 664 66.4 680
Grand/Franklin 7 EB Back of Queue 20 381 179 100 401 279 32 664 66.4 680
Grand/Franklin 7 EB Bonneson 20 453 107 100 473 207 19 608 60.8 680
Grand/Franklin 7 WB Field Value 80 208 376 24 288 400 64 580 13.9 688
Grand/Franklin 7 WB Delay 80 323 261 24 403 285 45 580 13.9 688
Grand/Franklin 7 WB Queue 80 284 300 24 364 324 51 580 13.9 688
Grand/Franklin 7 WB Volume 80 264 320 24 344 344 55 580 13.9 688
Grand/Franklin 7 WB Flow Ratio 80 307 277 24 387 301 47 580 13.9 688
Grand/Franklin 7 WB Back of Queue 80 299 285 24 379 309 49 580 13.9 688
Grand/Franklin 7 wB Bonneson 80 257 327 24 337 351 56 660 15.8 688
Grand/Franklin 8 EB Field Value 8 408 92 100 416 192 18 720 72.0 608
Grand/Franklin 8 EB Delay 8 500 0 100 508 100 0 720 72.0 608
Grand/Franklin 8 EB Queue 8 350 150 100 358 250 30 720 72.0 608
Grand/Franklin 8 EB Volume 8 296 204 100 304 304 41 720 72.0 608
Grand/Franklin 8 EB Flow Ratio 8 417 83 100 425 183 17 720 72.0 608
Grand/Franklin 8 EB Back of Queue 8 355 145 100 363 245 29 720 72.0 608
Grand/Franklin 8 EB Bonneson 8 432 68 100 440 168 14 680 68.0 608
Grand/Franklin 8 WB Field Value 56 256 408 16 312 424 61 508 8.1 736
Grand/Franklin 8 WB Delay 56 357 307 16 413 323 46 508 8.1 736
Grand/Franklin 8 WB Queue 56 332 332 16 388 348 50 508 8.1 736
Grand/Franklin 8 WB Volume 56 312 352 16 368 368 53 508 8.1 736
Grand/Franklin 8 WB Flow Ratio 56 346 318 16 402 334 48 508 8.1 736
Grand/Franklin 8 WB Back of Queue 56 344 320 16 400 336 48 508 8.1 736
Grand/Franklin 8 wB Bonneson 56 299 365 16 355 381 55 600 9.6 736
Grand/Franklin 9 EB Field Value 24 308 148 100 332 248 32 696 69.6 580
Grand/Franklin 9 EB Delay 24 456 0 100 480 100 0 696 69.6 580
Grand/Franklin 9 EB Queue 24 321 135 100 345 235 30 696 69.6 580
Grand/Franklin 9 EB Volume 24 266 190 100 290 290 42 696 69.6 580
Grand/Franklin 9 EB Flow Ratio 24 382 74 100 406 174 16 696 69.6 580
Grand/Franklin 9 EB Back of Queue 24 323 133 100 347 233 29 696 69.6 580
Grand/Franklin 9 EB Bonneson 24 392 64 100 416 164 14 620 62.0 580
Grand/Franklin 9 WB Field Value 96 240 360 20 336 380 60 480 9.6 716
Grand/Franklin 9 WB Delay 96 300 300 20 396 320 50 480 9.6 716
Grand/Franklin 9 WB Queue 96 280 320 20 376 340 53 480 9.6 716
Grand/Franklin 9 WB Volume 96 262 338 20 358 358 56 480 9.6 716
Grand/Franklin 9 WB Flow Ratio 96 292 308 20 388 328 51 480 9.6 716
Grand/Franklin 9 WB Back of Queue 96 293 307 20 389 327 51 480 9.6 716
Grand/Franklin 9 wB Bonneson 96 251 349 20 347 369 58 556 1.1 716
Grand/Franklin 10 EB Field Value 28 268 192 60 296 252 42 668 40.1 548
Grand/Franklin 10 EB Delay 28 380 80 60 408 140 17 668 40.1 548
Grand/Franklin 10 EB Queue 28 285 175 60 313 235 38 668 40.1 548
Grand/Franklin 10 EB Volume 28 246 214 60 274 274 47 668 40.1 548
Grand/Franklin 10 EB Flow Ratio 28 328 132 60 356 192 29 668 40.1 548
Grand/Franklin 10 EB Back of Queue 28 290 170 60 318 230 37 668 40.1 548
Grand/Franklin 10 EB Bonneson 28 296 164 60 324 224 36 600 36.0 548
Grand/Franklin 10 WB Field Value 80 200 388 12 280 400 66 488 5.9 680
Grand/Franklin 10 WB Delay 80 294 294 12 374 306 50 488 5.9 680
Grand/Franklin 10 WB Queue 80 274 314 12 354 326 53 488 5.9 680
Grand/Franklin 10 WB Volume 80 260 328 12 340 340 56 488 5.9 680
Grand/Franklin 10 WB Flow Ratio 80 283 305 12 363 317 52 488 5.9 680
Grand/Franklin 10 WB Back of Queue 80 287 301 12 367 313 51 488 5.9 680
Grand/Franklin 10 wB Bonneson 80 246 342 12 326 354 58 520 6.2 680
Grand/Franklin 11 EB Field Value 36 188 180 48 224 228 49 540 25.9 452
Grand/Franklin 11 EB Delay 36 284 84 48 320 132 23 540 25.9 452
Grand/Franklin 11 EB Queue 36 214 154 48 250 202 42 540 25.9 452
Grand/Franklin 11 EB Volume 36 190 178 48 226 226 48 540 25.9 452
Grand/Franklin 11 EB Flow Ratio 36 248 120 48 284 168 33 540 25.9 452
Grand/Franklin 11 EB Back of Queue 36 220 148 48 256 196 40 540 25.9 452
Grand/Franklin 11 EB Bonneson 36 202 166 48 238 214 45 488 23.4 452
Grand/Franklin 11 WB Field Value 60 152 328 8 212 336 68 404 3.2 548
Grand/Franklin 11 WB Delay 60 240 240 8 300 248 50 404 3.2 548
Grand/Franklin 11 WB Queue 60 220 260 8 280 268 54 404 3.2 548
Grand/Franklin 11 WB Volume 60 214 266 8 274 274 55 404 3.2 548
Grand/Franklin 11 WB Flow Ratio 60 230 250 8 290 258 52 404 3.2 548
Grand/Franklin 11 WB Back of Queue 60 235 245 8 295 253 51 404 3.2 548
Grand/Franklin 11 wB Bonneson 60 202 278 8 262 286 58 416 33 548
Grand/Franklin 12 EB Field Value 20 232 140 44 252 184 38 1016 44.7 436
Grand/Franklin 12 EB Delay 20 372 0 44 392 44 0 1016 44.7 436
Grand/Franklin 12 EB Queue 20 246 126 44 266 170 34 1016 44.7 436
Grand/Franklin 12 EB Volume 20 198 174 44 218 218 47 1016 44.7 436
Grand/Franklin 12 EB Flow Ratio 20 311 61 44 331 105 16 1016 44.7 436
Grand/Franklin 12 EB Back of Queue 20 241 131 44 261 175 35 1016 44.7 436
Grand/Franklin 12 EB Bonneson 20 272 100 44 292 144 27 948 41.7 436
Grand/Franklin 12 WB Field Value 104 408 504 36 512 540 55 392 141 1052
Grand/Franklin 12 WB Delay 104 463 449 36 567 485 49 392 14.1 1052
Grand/Franklin 12 WB Queue 104 446 466 36 550 502 51 392 141 1052
Grand/Franklin 12 WB Volume 104 422 490 36 526 526 54 392 14.1 1052
Grand/Franklin 12 WB Flow Ratio 104 456 456 36 560 492 50 392 141 1052
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Grand/Franklin 12 WB Back of Queue 104 463 449 36 567 485 49 392 14.1 1052
Grand/Franklin 12 WB Bonneson 104 408 504 36 512 540 55 416 15.0 1052
Grand/Franklin 13 EB Field Value 36 292 108 80 328 188 27 972 77.8 516
Grand/Franklin 13 EB Delay 36 400 0 80 436 80 0 972 77.8 516
Grand/Franklin 13 EB Queue 36 295 105 80 331 185 26 972 77.8 516
Grand/Franklin 13 EB Volume 36 222 178 80 258 258 45 972 77.8 516
Grand/Franklin 13 EB Flow Ratio 36 368 32 80 404 112 8 972 77.8 516
Grand/Franklin 13 EB Back of Queue 36 283 117 80 319 197 29 972 77.8 516
Grand/Franklin 13 EB Bonneson 36 365 35 80 401 115 9 884 70.7 516
Grand/Franklin 13 WB Field Value 104 384 484 16 488 500 56 436 7.0 988
Grand/Franklin 13 WB Delay 104 419 449 16 523 465 52 436 7.0 988
Grand/Franklin 13 WB Queue 104 404 464 16 508 480 53 436 7.0 988
Grand/Franklin 13 WB Volume 104 390 478 16 494 494 55 436 7.0 988
Grand/Franklin 13 WB Flow Ratio 104 412 456 16 516 472 53 436 7.0 988
Grand/Franklin 13 WB Back of Queue 104 424 444 16 528 460 51 436 7.0 988
Grand/Franklin 13 wB Bonneson 104 370 498 16 474 514 57 480 7.7 988
Grand/Franklin 14 EB Field Value 28 188 172 48 216 220 48 1056 50.7 436
Grand/Franklin 14 EB Delay 28 360 0 48 388 48 0 1056 50.7 436
Grand/Franklin 14 EB Queue 28 240 120 48 268 168 33 1056 50.7 436
Grand/Franklin 14 EB Volume 28 190 170 48 218 218 47 1056 50.7 436
Grand/Franklin 14 EB Flow Ratio 28 311 49 48 339 97 14 1056 50.7 436
Grand/Franklin 14 EB Back of Queue 28 237 123 48 265 171 34 1056 50.7 436
Grand/Franklin 14 EB Bonneson 28 275 85 48 303 133 24 964 46.3 436
Grand/Franklin 14 WB Field Value 116 460 480 24 576 504 51 388 9.3 1080
Grand/Franklin 14 WB Delay 116 453 487 24 569 511 52 388 9.3 1080
Grand/Franklin 14 WB Queue 116 435 505 24 551 529 54 388 9.3 1080
Grand/Franklin 14 WB Volume 116 424 516 24 540 540 55 388 9.3 1080
Grand/Franklin 14 WB Flow Ratio 116 447 493 24 563 517 52 388 9.3 1080
Grand/Franklin 14 WB Back of Queue 116 459 481 24 575 505 51 388 9.3 1080
Grand/Franklin 14 wB Bonneson 116 404 536 24 520 560 57 408 9.8 1080
Grand/Franklin 15 EB Field Value 16 212 144 40 228 184 40 984 39.4 412
Grand/Franklin 15 EB Delay 16 356 0 40 372 40 0 984 39.4 412
Grand/Franklin 15 EB Queue 16 218 138 40 234 178 39 984 39.4 412
Grand/Franklin 15 EB Volume 16 190 166 40 206 206 47 984 394 412
Grand/Franklin 15 EB Flow Ratio 16 290 66 40 306 106 19 984 39.4 412
Grand/Franklin 15 EB Back of Queue 16 228 128 40 244 168 36 984 39.4 412
Grand/Franklin 15 EB Bonneson 16 246 110 40 262 150 31 900 36.0 412
Grand/Franklin 15 WB Field Value 100 444 440 16 544 456 50 372 6.0 1000
Grand/Franklin 15 WB Delay 100 425 459 16 525 475 52 372 6.0 1000
Grand/Franklin 15 WB Queue 100 412 472 16 512 488 53 372 6.0 1000
Grand/Franklin 15 WB Volume 100 400 484 16 500 500 55 372 6.0 1000
Grand/Franklin 15 WB Flow Ratio 100 418 466 16 518 482 53 372 6.0 1000
Grand/Franklin 15 WB Back of Queue 100 432 452 16 532 468 51 372 6.0 1000
Grand/Franklin 15 wB Bonneson 100 379 505 16 479 521 57 396 6.3 1000
Grand/Franklin 16 EB Field Value 20 364 84 88 384 172 19 1064 93.6 556
Grand/Franklin 16 EB Delay 20 448 0 88 468 88 0 1064 93.6 556
Grand/Franklin 16 EB Queue 20 359 89 88 379 177 20 1064 93.6 556
Grand/Franklin 16 EB Volume 20 258 190 88 278 278 42 1064 93.6 556
Grand/Franklin 16 EB Flow Ratio 20 444 4 88 464 92 1 1064 93.6 556
Grand/Franklin 16 EB Back of Queue 20 340 108 88 360 196 24 1064 93.6 556
Grand/Franklin 16 EB Bonneson 20 446 2 88 466 90 0 996 87.6 556
Grand/Franklin 16 WB Field Value 84 452 528 16 536 544 54 468 75 1080
Grand/Franklin 16 WB Delay 84 490 490 16 574 506 50 468 7.5 1080
Grand/Franklin 16 WB Queue 84 475 505 16 559 521 52 468 75 1080
Grand/Franklin 16 WB Volume 84 456 524 16 540 540 53 468 7.5 1080
Grand/Franklin 16 WB Flow Ratio 84 490 490 16 574 506 50 468 75 1080
Grand/Franklin 16 WB Back of Queue 84 495 485 16 579 501 49 468 7.5 1080
Grand/Franklin 16 wB Bonneson 84 435 545 16 519 561 56 536 8.6 1080
Grand/Franklin 17 EB Field Value 20 228 108 68 248 176 32 1188 80.8 424
Grand/Franklin 17 EB Delay 20 336 0 68 356 68 0 1188 80.8 424
Grand/Franklin 17 EB Queue 20 288 48 68 308 116 14 1188 80.8 424
Grand/Franklin 17 EB Volume 20 192 144 68 212 212 43 1188 80.8 424
Grand/Franklin 17 EB Flow Ratio 20 336 0 68 356 68 0 1188 80.8 424
Grand/Franklin 17 EB Back of Queue 20 260 76 68 280 144 23 1188 80.8 424
Grand/Franklin 17 EB Bonneson 20 329 7 68 349 75 2 1076 73.2 424
Grand/Franklin 17 WB Field Value 156 492 540 44 648 584 52 356 15.7 1232
Grand/Franklin 17 WB Delay 156 493 539 44 649 583 52 356 15.7 1232
Grand/Franklin 17 WB Queue 156 481 551 44 637 595 53 356 15.7 1232
Grand/Franklin 17 WB Volume 156 460 572 44 616 616 55 356 15.7 1232
Grand/Franklin 17 WB Flow Ratio 156 487 545 44 643 589 53 356 15.7 1232
Grand/Franklin 17 WB Back of Queue 156 501 531 44 657 575 51 356 15.7 1232
Grand/Franklin 17 WB Bonneson 156 443 589 44 599 633 57 404 17.8 1232
Grand/Franklin 18 EB Field Value 28 236 128 72 264 200 35 1200 86.4 464
Grand/Franklin 18 EB Delay 28 364 0 72 392 72 0 1200 86.4 464
Grand/Franklin 18 EB Queue 28 302 62 72 330 134 17 1200 86.4 464
Grand/Franklin 18 EB Volume 28 204 160 72 232 232 44 1200 86.4 464
Grand/Franklin 18 EB Flow Ratio 28 364 0 72 392 72 0 1200 86.4 464
Grand/Franklin 18 EB Back of Queue 28 277 87 72 305 159 24 1200 86.4 464
Grand/Franklin 18 EB Bonneson 28 356 8 72 384 80 2 1052 75.7 464
Grand/Franklin 18 WB Field Value 152 452 596 4 604 600 57 392 16 1204
Grand/Franklin 18 WB Delay 152 443 605 4 595 609 58 392 1.6 1204
Grand/Franklin 18 WB Queue 152 444 604 4 596 608 58 392 16 1204
Grand/Franklin 18 WB Volume 152 450 598 4 602 602 57 392 1.6 1204
Grand/Franklin 18 WB Flow Ratio 152 444 604 4 596 608 58 392 16 1204
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Grand/Franklin 18 WB Back of Queue 152 470 578 4 622 582 55 392 1.6 1204
Grand/Franklin 18 wB Bonneson 152 420 628 4 572 632 60 436 17 1204
Grand/Franklin 19 EB Field Value 20 248 148 40 268 188 37 1196 47.8 456
Grand/Franklin 19 EB Delay 20 396 0 40 416 40 0 1196 47.8 456
Grand/Franklin 19 EB Queue 20 258 138 40 278 178 35 1196 47.8 456
Grand/Franklin 19 EB Volume 20 208 188 40 228 228 47 1196 47.8 456
Grand/Franklin 19 EB Flow Ratio 20 337 59 40 357 99 15 1196 47.8 456
Grand/Franklin 19 EB Back of Queue 20 258 138 40 278 178 35 1196 47.8 456
Grand/Franklin 19 EB Bonneson 20 304 92 40 324 132 23 1040 41.6 456
Grand/Franklin 19 WB Field Value 168 444 584 12 612 596 57 416 5.0 1208
Grand/Franklin 19 WB Delay 168 445 583 12 613 595 57 416 5.0 1208
Grand/Franklin 19 WB Queue 168 441 587 12 609 599 57 416 5.0 1208
Grand/Franklin 19 WB Volume 168 436 592 12 604 604 58 416 5.0 1208
Grand/Franklin 19 WB Flow Ratio 168 443 585 12 611 597 57 416 5.0 1208
Grand/Franklin 19 WB Back of Queue 168 464 564 12 632 576 55 416 5.0 1208
Grand/Franklin 19 wB Bonneson 168 408 620 12 576 632 60 436 52 1208
Grand/Franklin 20 EB Field Value 24 264 140 48 288 188 35 1104 53.0 476
Grand/Franklin 20 EB Delay 24 404 0 48 428 48 0 1104 53.0 476
Grand/Franklin 20 EB Queue 24 272 132 48 296 180 33 1104 53.0 476
Grand/Franklin 20 EB Volume 24 214 190 48 238 238 47 1104 53.0 476
Grand/Franklin 20 EB Flow Ratio 24 341 63 48 365 111 16 1104 53.0 476
Grand/Franklin 20 EB Back of Queue 24 266 138 48 290 186 34 1104 53.0 476
Grand/Franklin 20 EB Bonneson 24 314 90 48 338 138 22 944 45.3 476
Grand/Franklin 20 WB Field Value 176 344 584 16 520 600 63 428 6.8 1120
Grand/Franklin 20 WB Delay 176 397 531 16 573 547 57 428 6.8 1120
Grand/Franklin 20 WB Queue 176 389 539 16 565 555 58 428 6.8 1120
Grand/Franklin 20 WB Volume 176 384 544 16 560 560 59 428 6.8 1120
Grand/Franklin 20 WB Flow Ratio 176 394 534 16 570 550 58 428 6.8 1120
Grand/Franklin 20 WB Back of Queue 176 413 515 16 589 531 55 428 6.8 1120
Grand/Franklin 20 wB Bonneson 176 359 569 16 535 585 61 452 7.2 1120
Grand/Franklin 21 EB Field Value 40 328 84 64 368 148 20 1200 76.8 516
Grand/Franklin 21 EB Delay 40 412 0 64 452 64 0 1200 76.8 516
Grand/Franklin 21 EB Queue 40 305 107 64 345 171 26 1200 76.8 516
Grand/Franklin 21 EB Volume 40 218 194 64 258 258 47 1200 76.8 516
Grand/Franklin 21 EB Flow Ratio 40 391 21 64 431 85 5 1200 76.8 516
Grand/Franklin 21 EB Back of Queue 40 291 121 64 331 185 29 1200 76.8 516
Grand/Franklin 21 EB Bonneson 40 373 39 64 413 103 9 1008 64.5 516
Grand/Franklin 21 WB Field Value 200 452 548 8 652 556 55 452 3.6 1208
Grand/Franklin 21 WB Delay 200 399 601 8 599 609 60 452 3.6 1208
Grand/Franklin 21 WB Queue 200 401 599 8 601 607 60 452 3.6 1208
Grand/Franklin 21 WB Volume 200 404 596 8 604 604 60 452 3.6 1208
Grand/Franklin 21 WB Flow Ratio 200 400 600 8 600 608 60 452 3.6 1208
Grand/Franklin 21 WB Back of Queue 200 425 575 8 625 583 57 452 3.6 1208
Grand/Franklin 21 wB Bonneson 200 374 626 8 574 634 63 476 3.8 1208
Grand/Franklin 22 EB Field Value 20 216 76 52 236 128 26 1056 54.9 364
Grand/Franklin 22 EB Delay 20 292 0 52 312 52 0 1056 54.9 364
Grand/Franklin 22 EB Queue 20 206 86 52 226 138 29 1056 54.9 364
Grand/Franklin 22 EB Volume 20 162 130 52 182 182 45 1056 54.9 364
Grand/Franklin 22 EB Flow Ratio 20 290 2 52 310 54 1 1056 54.9 364
Grand/Franklin 22 EB Back of Queue 20 202 90 52 222 142 31 1056 54.9 364
Grand/Franklin 22 EB Bonneson 20 238 54 52 258 106 18 948 49.3 364
Grand/Franklin 22 WB Field Value 120 420 516 12 540 528 55 312 3.7 1068
Grand/Franklin 22 WB Delay 120 427 509 12 547 521 54 312 3.7 1068
Grand/Franklin 22 WB Queue 120 418 518 12 538 530 55 312 3.7 1068
Grand/Franklin 22 WB Volume 120 414 522 12 534 534 56 312 3.7 1068
Grand/Franklin 22 WB Flow Ratio 120 425 511 12 545 523 55 312 3.7 1068
Grand/Franklin 22 WB Back of Queue 120 443 493 12 563 505 53 312 3.7 1068
Grand/Franklin 22 wB Bonneson 120 390 546 12 510 558 58 344 4.1 1068
Grand/Franklin 23 EB Field Value 48 160 68 84 208 152 30 952 80.0 360
Grand/Franklin 23 EB Delay 48 228 0 84 276 84 0 952 80.0 360
Grand/Franklin 23 EB Queue 48 194 34 84 242 118 15 952 80.0 360
Grand/Franklin 23 EB Volume 48 132 96 84 180 180 42 952 80.0 360
Grand/Franklin 23 EB Flow Ratio 48 228 0 84 276 84 0 952 80.0 360
Grand/Franklin 23 EB Back of Queue 48 179 49 84 227 133 21 952 80.0 360
Grand/Franklin 23 EB Bonneson 48 228 0 84 276 84 0 884 74.3 360
Grand/Franklin 23 WB Field Value 96 384 472 28 480 500 55 276 7.7 980
Grand/Franklin 23 WB Delay 96 428 428 28 524 456 50 276 7.7 980
Grand/Franklin 23 WB Queue 96 408 448 28 504 476 52 276 7.7 980
Grand/Franklin 23 WB Volume 96 394 462 28 490 490 54 276 7.7 980
Grand/Franklin 23 WB Flow Ratio 96 417 439 28 513 467 51 276 7.7 980
Grand/Franklin 23 WB Back of Queue 96 428 428 28 524 456 50 276 7.7 980
Grand/Franklin 23 wB Bonneson 96 378 478 28 474 506 56 312 87 980
Peace/St Mary's 1 WB Field Value 83 213 237 35 296 272 53 521 18.2 568
Peace/St Mary's 1 WB Delay 83 265 185 35 348 220 41 521 18.2 568
Peace/St Mary's 1 WB Queue 83 215 235 35 298 270 52 521 18.2 568
Peace/St Mary's 1 WB Volume 83 201 249 35 284 284 55 521 18.2 568
Peace/St Mary's 1 WB Flow Ratio 83 246 204 35 329 239 45 521 18.2 568
Peace/St Mary's 1 WB Back of Queue 83 225 225 35 308 260 50 521 18.2 568
Peace/St Mary's 1 WB Bonneson 83 199 251 35 282 286 56 465 16.3 568
Peace/St Mary's 2 WB Field Value 81 150 181 50 231 231 55 595 29.8 462
Peace/St Mary's 2 WB Delay 81 246 86 50 327 136 26 594 29.7 463
Peace/St Mary's 2 WB Queue 81 166 166 50 247 216 50 594 29.7 463
Peace/St Mary's 2 WB Volume 81 150 182 50 231 232 55 594 29.7 463
Peace/St Mary's 2 WB Flow Ratio 81 213 119 50 294 169 36 594 29.7 463
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Peace/St Mary's 2 WB Back of Queue 81 172 160 50 253 210 48 594 29.7 463
Peace/St Mary's 2 WB Bonneson 81 157 174 50 238 224 53 552 27.6 462
Peace/St Mary's 3 WB Field Value 57 212 208 45 269 253 50 432 19.4 522
Peace/St Mary's 3 WB Delay 57 270 150 45 327 195 36 433 195 522
Peace/St Mary's 3 WB Queue 57 210 210 45 267 255 50 433 19.5 522
Peace/St Mary's 3 WB Volume 57 204 216 45 261 261 51 433 195 522
Peace/St Mary's 3 WB Flow Ratio 57 251 169 45 308 214 40 433 19.5 522
Peace/St Mary's 3 WB Back of Queue 57 225 195 45 282 240 46 433 195 522
Peace/St Mary's 3 WB Bonneson 57 205 215 45 262 260 51 387 17.4 522
Peace/St Mary's 4 WB Field Value 90 200 265 16 290 281 57 608 9.7 571
Peace/St Mary's 4 WB Delay 90 232 232 16 322 248 50 609 9.7 570
Peace/St Mary's 4 WB Queue 90 212 252 16 302 268 54 609 9.7 570
Peace/St Mary's 4 WB Volume 90 195 269 16 285 285 58 609 9.7 570
Peace/St Mary's 4 WB Flow Ratio 90 227 237 16 317 253 51 609 9.7 570
Peace/St Mary's 4 WB Back of Queue 90 216 248 16 306 264 53 609 9.7 570
Peace/St Mary's 4 WB Bonneson 90 186 279 16 276 295 60 551 8.8 571
Peace/St Mary's 5 WB Field Value 69 229 249 28 298 277 52 490 13.7 575
Peace/St Mary's 5 WB Delay 69 269 209 28 338 237 44 489 13.7 575
Peace/St Mary's 5 WB Queue 69 239 239 28 308 267 50 489 13.7 575
Peace/St Mary's 5 WB Volume 69 218 260 28 287 288 54 489 13.7 575
Peace/St Mary's 5 WB Flow Ratio 69 257 221 28 326 249 46 489 13.7 575
Peace/St Mary's 5 WB Back of Queue 69 239 239 28 308 267 50 489 13.7 575
Peace/St Mary's 5 WB Bonneson 69 213 265 28 282 293 55 457 12.8 575
Peace/St Mary's 6 WB Field Value 98 265 249 36 363 285 48 535 193 648
Peace/St Mary's 6 WB Delay 98 288 226 36 386 262 44 535 19.3 648
Peace/St Mary's 6 WB Queue 98 242 272 36 340 308 53 535 19.3 648
Peace/St Mary's 6 WB Volume 98 226 288 36 324 324 56 535 19.3 648
Peace/St Mary's 6 WB Flow Ratio 98 272 242 36 370 278 47 535 19.3 648
Peace/St Mary's 6 WB Back of Queue 98 252 262 36 350 298 51 535 19.3 648
Peace/St Mary's 6 WB Bonneson 98 223 291 36 321 327 57 510 18.4 648
Peace/St Mary's 7 WB Field Value 73 294 233 90 367 323 44 604 54.4 690
Peace/St Mary's 7 WB Delay 73 410 118 90 483 208 22 604 54.4 691
Peace/St Mary's 7 WB Queue 73 304 224 90 377 314 42 604 54.4 691
Peace/St Mary's 7 WB Volume 73 273 255 90 346 345 48 604 54.4 691
Peace/St Mary's 7 WB Flow Ratio 73 367 161 90 440 251 30 604 54.4 691
Peace/St Mary's 7 WB Back of Queue 73 315 213 90 388 303 40 604 54.4 691
Peace/St Mary's 7 WB Bonneson 73 312 215 90 385 305 41 604 54.4 690
Peace/St Mary's 8 WB Field Value 49 286 216 61 335 277 43 600 36.6 612
Peace/St Mary's 8 WB Delay 49 359 143 61 408 204 28 601 36.7 612
Peace/St Mary's 8 WB Queue 49 271 231 61 320 292 46 601 36.7 612
Peace/St Mary's 8 WB Volume 49 257 245 61 306 306 49 601 36.7 612
Peace/St Mary's 8 WB Flow Ratio 49 330 172 61 379 233 34 601 36.7 612
Peace/St Mary's 8 WB Back of Queue 49 288 214 61 337 275 43 601 36.7 612
Peace/St Mary's 8 WB Bonneson 49 272 230 61 321 291 46 571 34.8 612
Peace/St Mary's 9 WB Field Value 73 286 225 49 359 274 44 633 31.0 633
Peace/St Mary's 9 WB Delay 73 336 176 49 409 225 34 633 31.0 634
Peace/St Mary's 9 WB Queue 73 266 246 49 339 295 48 633 31.0 634
Peace/St Mary's 9 WB Volume 73 244 268 49 317 317 52 633 31.0 634
Peace/St Mary's 9 WB Flow Ratio 73 309 203 49 382 252 40 633 31.0 634
Peace/St Mary's 9 WB Back of Queue 73 275 237 49 348 286 46 633 31.0 634
Peace/St Mary's 9 WB Bonneson 73 252 259 49 325 308 51 580 28.4 633
Peace/St Mary's 10 WB Field Value 102 253 225 24 355 249 47 653 15.7 604
Peace/St Mary's 10 WB Delay 102 259 219 24 361 243 46 654 15.7 604
Peace/St Mary's 10 WB Queue 102 214 264 24 316 288 55 654 15.7 604
Peace/St Mary's 10 WB Volume 102 200 278 24 302 302 58 654 15.7 604
Peace/St Mary's 10 WB Flow Ratio 102 244 234 24 346 258 49 654 15.7 604
Peace/St Mary's 10 WB Back of Queue 102 224 254 24 326 278 53 654 15.7 604
Peace/St Mary's 10 WB Bonneson 102 194 284 24 296 308 59 595 143 604
Peace/St Mary's 11 WB Field Value 110 315 265 32 425 297 46 599 19.2 722
Peace/St Mary's 11 WB Delay 110 315 265 32 425 297 46 599 19.2 722
Peace/St Mary's 11 WB Queue 110 270 310 32 380 342 53 599 19.2 722
Peace/St Mary's 11 WB Volume 110 251 329 32 361 361 57 599 19.2 722
Peace/St Mary's 11 WB Flow Ratio 110 299 281 32 409 313 48 599 19.2 722
Peace/St Mary's 11 WB Back of Queue 110 280 300 32 390 332 52 599 19.2 722
Peace/St Mary's 11 WB Bonneson 110 246 334 32 356 366 58 542 17.3 722
Peace/St Mary's 12 WB Field Value 102 327 290 45 429 335 47 604 27.2 764
Peace/St Mary's 12 WB Delay 102 353 263 45 455 308 43 605 27.2 763
Peace/St Mary's 12 WB Queue 102 308 308 45 410 353 50 605 27.2 763
Peace/St Mary's 12 WB Volume 102 279 337 45 381 382 55 605 27.2 763
Peace/St Mary's 12 WB Flow Ratio 102 334 282 45 436 327 46 605 27.2 763
Peace/St Mary's 12 WB Back of Queue 102 313 303 45 415 348 49 605 27.2 763
Peace/St Mary's 12 WB Bonneson 102 282 335 45 384 380 54 543 244 764
Peace/St Mary's 13 WB Field Value 81 225 249 57 306 306 53 456 26.0 612
Peace/St Mary's 13 WB Delay 81 298 176 57 379 233 37 456 26.0 612
Peace/St Mary's 13 WB Queue 81 237 237 57 318 294 50 456 26.0 612
Peace/St Mary's 13 WB Volume 81 225 249 57 306 306 53 456 26.0 612
Peace/St Mary's 13 WB Flow Ratio 81 279 195 57 360 252 41 456 26.0 612
Peace/St Mary's 13 WB Back of Queue 81 252 222 57 333 279 47 456 26.0 612
Peace/St Mary's 13 WB Bonneson 81 231 243 57 312 300 51 456 26.0 612
Peace/St Mary's 14 WB Field Value 85 216 200 36 301 236 48 432 15.6 537
Peace/St Mary's 14 WB Delay 85 238 178 36 323 214 43 433 15.6 537
Peace/St Mary's 14 WB Queue 85 193 223 36 278 259 54 433 15.6 537
Peace/St Mary's 14 WB Volume 85 183 233 36 268 269 56 433 15.6 537
Peace/St Mary's 14 WB Flow Ratio 85 224 192 36 309 228 46 433 15.6 537
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Run THVol  TH Vol Lanel Lane2 %THin Opp
Intersection Number Approach Criterion RT Vol (rtlane) (ltlane) LT Vol Vol Vol LT Lane Vol Conf Vol Sub Vol
Peace/St Mary's 14 WB Back of Queue 85 208 208 36 293 244 50 433 15.6 537
Peace/St Mary's 14 WB Bonneson 85 180 236 36 265 272 57 391 141 537
Peace/St Mary's 15 WB Field Value 112 163 205 65 275 270 56 392 25.5 545
Peace/St Mary's 15 WB Delay 112 229 139 65 341 204 38 392 255 545
Peace/St Mary's 15 WB Queue 112 169 199 65 281 264 54 392 25.5 545
Peace/St Mary's 15 WB Volume 112 160 208 65 272 273 57 392 255 545
Peace/St Mary's 15 WB Flow Ratio 112 209 159 65 321 224 43 392 25.5 545
Peace/St Mary's 15 WB Back of Queue 112 184 184 65 296 249 50 392 255 545
Peace/St Mary's 15 WB Bonneson 112 168 200 65 280 265 54 387 25.2 545
Poole/Beverly 1 EB Field Value 120 262 447 0 382 447 63 553 0.0 829
Poole/Beverly 1 EB Delay 120 274 434 0 394 434 61 552 0.0 828
Poole/Beverly 1 EB Queue 120 314 394 0 434 394 56 552 0.0 828
Poole/Beverly 1 EB Volume 120 294 414 0 414 414 58 552 0.0 828
Poole/Beverly 1 EB Flow Ratio 120 283 425 0 403 425 60 552 0.0 828
Poole/Beverly 1 EB Back of Queue 120 314 394 0 434 394 56 552 0.0 828
Poole/Beverly 1 WB Field Value 0 375 178 76 375 255 32 829 63.3 629
Poole/Beverly 1 WB Delay 0 516 36 76 516 112 7 828 62.9 628
Poole/Beverly 1 WB Queue 0 356 196 76 356 272 36 828 62.9 628
Poole/Beverly 1 WB Volume 0 314 238 76 314 314 43 828 62.9 628
Poole/Beverly 1 WB Flow Ratio 0 427 125 76 427 201 23 828 62.9 628
Poole/Beverly 1 WB Back of Queue 0 361 191 76 361 267 35 828 62.9 628
Poole/Beverly 2 EB Field Value 129 234 455 0 363 455 66 530 0.0 818
Poole/Beverly 2 EB Delay 129 264 424 0 393 424 62 530 0.0 817
Poole/Beverly 2 EB Queue 129 269 419 0 398 419 61 530 0.0 817
Poole/Beverly 2 EB Volume 129 279 409 0 408 409 59 530 0.0 817
Poole/Beverly 2 EB Flow Ratio 129 268 420 0 397 420 61 530 0.0 817
Poole/Beverly 2 EB Back of Queue 129 299 389 0 428 389 57 530 0.0 817
Poole/Beverly 2 WB Field Value 0 363 167 79 363 246 31 818 64.8 609
Poole/Beverly 2 WB Delay 0 530 0 79 530 79 0 817 64.5 609
Poole/Beverly 2 WB Queue 0 350 180 79 350 259 34 817 64.5 609
Poole/Beverly 2 WB Volume 0 305 225 79 305 304 42 817 64.5 609
Poole/Beverly 2 WB Flow Ratio 0 422 108 79 422 187 20 817 64.5 609
Poole/Beverly 2 WB Back of Queue 0 355 175 79 355 254 33 817 64.5 609
Poole/Beverly 3 EB Field Value 134 284 462 0 418 462 62 673 0.0 880
Poole/Beverly 3 EB Delay 134 293 453 0 427 453 61 672 0.0 880
Poole/Beverly 3 EB Queue 134 313 433 0 447 433 58 672 0.0 880
Poole/Beverly 3 EB Volume 134 306 440 0 440 440 59 672 0.0 880
Poole/Beverly 3 EB Flow Ratio 134 295 451 0 429 451 60 672 0.0 880
Poole/Beverly 3 EB Back of Queue 134 327 419 0 461 419 56 672 0.0 880
Poole/Beverly 3 WB Field Value 0 430 243 69 430 312 36 880 60.6 742
Poole/Beverly 3 WB Delay 0 596 76 69 596 145 11 880 60.7 741
Poole/Beverly 3 WB Queue 0 427 245 69 427 314 36 880 60.7 741
Poole/Beverly 3 WB Volume 0 371 301 69 371 370 45 880 60.7 741
Poole/Beverly 3 WB Flow Ratio 0 494 178 69 494 247 26 880 60.7 741
Poole/Beverly 3 WB Back of Queue 0 431 241 69 431 310 36 880 60.7 741
Poole/Beverly 4 EB Field Value 122 321 485 0 443 485 60 650 0.0 929
Poole/Beverly 4 EB Delay 122 327 479 0 449 479 59 650 0.0 928
Poole/Beverly 4 EB Queue 122 343 463 0 465 463 57 650 0.0 928
Poole/Beverly 4 EB Volume 122 342 464 0 464 464 58 650 0.0 928
Poole/Beverly 4 EB Flow Ratio 122 331 475 0 453 475 59 650 0.0 928
Poole/Beverly 4 EB Back of Queue 122 363 443 0 485 443 55 650 0.0 928
Poole/Beverly 4 WB Field Value 0 455 195 73 455 268 30 929 67.4 722
Poole/Beverly 4 WB Delay 0 605 45 73 605 118 7 928 67.7 723
Poole/Beverly 4 WB Queue 0 418 232 73 418 305 36 928 67.7 723
Poole/Beverly 4 WB Volume 0 362 288 73 362 361 44 928 67.7 723
Poole/Beverly 4 WB Flow Ratio 0 492 158 73 492 231 24 928 67.7 723
Poole/Beverly 4 WB Back of Queue 0 419 231 73 419 304 36 928 67.7 723
Poole/Beverly 5 EB Field Value 220 338 566 0 558 566 63 544 0.0 1124
Poole/Beverly 5 EB Delay 220 317 587 0 537 587 65 544 0.0 1124
Poole/Beverly 5 EB Queue 220 352 552 0 572 552 61 544 0.0 1124
Poole/Beverly 5 EB Volume 220 342 562 0 562 562 62 544 0.0 1124
Poole/Beverly 5 EB Flow Ratio 220 322 582 0 542 582 64 544 0.0 1124
Poole/Beverly 5 EB Back of Queue 220 367 537 0 587 537 59 544 0.0 1124
Poole/Beverly 5 WB Field Value 0 351 193 83 351 277 35 1124 93.7 628
Poole/Beverly 5 WB Delay 0 544 0 83 544 83 0 1124 93.3 627
Poole/Beverly 5 WB Queue 0 407 137 83 407 220 25 1124 93.3 627
Poole/Beverly 5 WB Volume 0 314 230 83 314 313 42 1124 93.3 627
Poole/Beverly 5 WB Flow Ratio 0 501 43 83 501 126 8 1124 93.3 627
Poole/Beverly 5 WB Back of Queue 0 382 162 83 382 245 30 1124 93.3 627
Poole/Beverly 6 EB Field Value 189 326 471 0 514 471 59 437 0.0 986
Poole/Beverly 6 EB Delay 189 283 513 0 472 513 64 436 0.0 985
Poole/Beverly 6 EB Queue 189 295 501 0 484 501 63 436 0.0 985
Poole/Beverly 6 EB Volume 189 303 493 0 492 493 62 436 0.0 985
Poole/Beverly 6 EB Flow Ratio 189 286 510 0 475 510 64 436 0.0 985
Poole/Beverly 6 EB Back of Queue 189 323 473 0 512 473 59 436 0.0 985
Poole/Beverly 6 WB Field Value 0 343 94 111 343 206 22 986 109.8 549
Poole/Beverly 6 WB Delay 0 437 -1 111 437 110 0 985 109.3 547
Poole/Beverly 6 WB Queue 0 358 78 111 358 189 18 985 109.3 547
Poole/Beverly 6 WB Volume 0 274 162 111 274 273 37 985 109.3 547
Poole/Beverly 6 WB Flow Ratio 0 437 -1 111 437 110 0 985 109.3 547
Poole/Beverly 6 WB Back of Queue 0 334 102 111 334 213 23 985 109.3 547
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APPENDIX E

RMSE/MAPE OUTPUT FOR
INDIVIDUAL INTERSECTIONS
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Grand/Franklin

Average Lane Volume = 328
Avg. LT Vol = 40

St. Dev = 149
N =46
100
80
60
O RMSE
40 - — @ MAPE
20 T i
Ll [ 1
Avg. Back | Cycle Avg. Bonneson Delay Flow Ratio | Volume
of Queue Queue
ORMSE| 44.19 38.61 66.52 92.37 65.91 46.92
B MAPE 12.3 11.06 18.63 34.61 24.16 15.43
Average Lane Volume = 370
Poole/Bethany Avg. LT Vol = 40
St. Dev = 121
N=12
100
80
60 ]
I O RMSE
40 B MAPE
N L _L
; _HE
Avg. Back | Cycle Avg. Bonneson Delay Flow Ratio | Volume
of Queue Queue
ORMSE| 34.49 31.49 111.27 62.88 49.54
B MAPE 7.28 7.9 31.28 17.39 14.85
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Peace/St. Mary's

Average Lane Volume = 277

Avg. LT Vol = 44
St. Dev = 29

O RMSE
B MAPE

N=15
100
80
60 ——
40 _‘
) _L L _L h Ti
o I
Avg. Back | Cycle Avg. Bonneson Delay Flow Ratio | Volume
of Queue Queue
ORMSE 18.85 20.59 32.47 57.85 37.57 31.89
B MAPE 6.1 6.15 9.26 17.69 1151 8.8
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