CALIBRATION OF DELAY FORMULAS FOR SATURATED AND UNSATURATED
SIGNALIZED INTERSECTIONS IN ISTANBUL

by
Volkan Coskun
B.S., Civil Engineering, Bogazi¢i University, 1999

Submitted to the Institute for Graduate Studies in
Science and Engineering in partial fulfillment of
the requirements for the degree of

Master of Science

Graduate Program in Civil Engineering
Bogazici University

2006



il

ACKNOWLEDGEMENTS

I am truly thankful to my thesis supervisor Prof. Dr. Gokmen Ergiin for his support,
guidance, insight and patience throughout my graduate study and in the preparation of this

dissertation.

I would also thank to my wife Yesim for her support in all means and patience
during this study. Her precious tolerance, support and encouragement were essential for

completion of this dissertation.

I would like to express my gratitude to my parents Ersan Coskun and Zeynep Coskun
for their continuous support throughout my life. Their contribution is the most important

brick in the success throughout my education.



v

ABSTRACT

CALIBRATION OF DELAY FORMULAS FOR SATURATED AND
UNSATURATED SIGNALIZED INTERSECTIONS IN ISTANBUL

In order to minimize delay incurred at signalized intersections and provide the
intended improvements, the calculation of delay should have good correlation with the

actual delay times.

This study is aimed to provide calibration for various delay formulas in order to
adapt them to the local conditions in Istanbul. Delay formulas of Highway Capacity
Manual (HCM) (1997 and 2000) and Percentile Delay Method (PDM) were tested for
validity at unsaturated signalized intersections. These formulas and Akcelik’s overflow
delay formula were studied for an oversaturated intersection. The delay estimates were
compared with field measurements and calibration models were generated for those
formulas. Signal 97, Signal 2000 and Synchro 6 softwares were used for analysis of

intersections and MS Excel was used for statistical analysis.

As a result of the analysis of unsaturated intersections, HCM 1997 delay formula
underestimated the delay compared to the actual delay measurements. HCM 2000 delay
formula overestimated the delay through analysis by Signal 2000 and Synchro softwares.
Both HCM 1997 and HCM 2000 delay estimates resulted with good relationship with the
field measurements with coefficient of determination (RZ) values around 0.85. The PDM

has resulted with a poor relation with R value of 0.51.

The analyses of the oversaturated intersection included testing the effects of queue
length on HCM field measurement method for control delay, calculation of delay using
HCM formulas (1997 and 2000) and PDM through computer softwares, and calculation of
delay manually using HCM 2000 and Akcelik formulas and comparison of these delay
estimates with the actual delay. The results of the analyses showed that the field delay
measurement tends to be misleading for long queue lengths. Manual computation with
HCM 2000 formulation resulted with delay estimates closest to the actual delay incurred

among the other estimates.



OZET

ISTANBUL’DAKI DOYGUN VE DOYGUN OLMAYAN SINYALIZE
KAVSAKLAR iCIN GECIKME FORMULLERININ
KALIBRASYONU

Sinyalize kavsaklarda yasanan gecikmelerin en aza indirilmesi ve amaclanan
tyilestirmelerin saglanabilmesi i¢in gecikme hesaplamalarinin gercekteki gecikme siireleri

ile 1yi bir korelasyona sahip olmas1 gerekir.

Bu calisma, cesitli gecikme formiillerinin Istanbul’daki yerel sartlara uyarlanmalari
icin kalibrasyonlarinin saglanmasini amag¢lamaktadir. Highway Capacity Manual (HCM)
(1997 ve 2000) gecikme formiillerinin ve Percentile Delay Method (PDM) yonteminin
doygun olmayan kavsaklardaki gecerlilikleri test edilmistir. Bu formiiller ve Akcelik’in
asirt akim gecikme formiili bir doygun kavsak iizerinde etiit edilmistir. Gecikme
hesaplamalar1 ile sahadaki gecikme Ol¢iimleri karsilastirllmis ve bu formiiller icin
kalibrasyon modelleri gelistirilmistir. Kavsaklarin analizleri i¢in Signal 97, Signal 2000 ve

Synchro 6 programlari, istatistiksel analiz i¢cin MS Excel kullanilmastir.

Doygun olmayan kavsaklarin analizlerinin bir sonucu olarak, HCM 1997 gecikme
formiiliiniin gecikme tahminleri, gercek gecikmelerin altinda ¢cikmistir. Signal 2000 ve
Synchro programlari ile yapilan analizler neticesinde HCM 2000 formiilii gecikmeyi fazla
tahmin etmistir. HCM 1997 ve HCM 2000 gecikme tahminlerinin her ikisi de doygun
olmayan kavsaklardaki saha olciimleri ile 0,85 civarinda bir R*ye sahip iyi bir iliski

géstermistir. PDM yontemi sonuglari, 0,51°1ik R? degeri ile zayif bir iliski gostermistir.

Doygun kavsak {iizerine yapilan analizler icerisinde kuyruk uzunlugunun HCM
kontrol gecikmesi saha 6l¢lim metoduna etkisinin test edilmesi, HCM formiilleri (1997 ve
2000) ve PDM kullanilarak bilgisayar programlari ile gecikme hesaplamasi, HCM 2000 ve
Akcelik formiilleri ile gecikmenin elle hesaplanmasi ve bu hesaplamalarin gercek gecikme
ile karsilagtirilmasi bulunur. Analizlerin sonuglari uzun kuyruklarda arazi gecikme
Olciimlerinin yaniltic1 olabilecegini gostermistir. HCM 2000 formiiliiniin elle uygulanmasi

gercek gecikmelere digerleri icerisinde en yakin gecikme tahminlerini verdigi goriilmiistiir.
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1. INTRODUCTION

Vehicles in traffic flow are delayed by a combination of factors including
interactions with other vehicles and pedestrians, and regulatory devices such as traffic
signs and signals. In order to evaluate the improvements in traffic flow, effects of various

regulatory devices on delays require to be estimated.

Optimization of the signal times at signalized intersections is important for efficient
operation of traffic movements and reduction of the time lost in traffic. Optimization
mainly depends on minimization of the delay through alterations in cycle time and green
time allocated to signal phases. The calculation of delay in this process should have good
correlation with real life delay times in order to provide the intended improvements when

implemented.

In this study, field delay measurements were collected at saturated and unsaturated
signalized intersections to calibrate delay formulas of HCM 1997, HCM 2000 and
Percentile Delay Method.

1.1. Problem Statement

1.1.1. City of Istanbul and Traffic Statistics

Istanbul is one of the ten most populous cities of the world [1]. According to the
Turkish Statistics Institution, the estimated population of Istanbul for mid-year 2006 is
11,622,000. The population estimates of Turkish Statistics Institution shows that the
percentage of population of Istanbul over the total population of Turkey has increased from
14.7 per cent in year 2000 to 15.9 per cent in 2006 and it is estimated to reach 16.7 per cent
by the year 2010 [2].

The large size of population reflects in to a large size of traffic that increases by
years. According to the Turkish Statistics Institution, as of December 2005, the number of
vehicles registered in Istanbul was around 2.16 million which constitute 21 per cent of the

total registered vehicles in Turkey. The average number of new vehicles registered in 2005



was 432 out of which 244 are new passenger cars [3]. This indicates seven per cent
increase in the number of vehicles in year 2005. Although it is lower than the average
annual increase of 12.2 per cent in number of vehicles registered in Istanbul in the last five
years, if this annual rate of increase (seven per cent) in number of vehicles remains the

same, the number of vehicles will be doubled in the next 10 years.

1.1.2. Definition of Traffic Congestion

There are different definitions of traffic congestion in the literature. The Federal

Highway Administration (FHWA) of USA defines the congestion as [4]

“Congestion occurs when the free flow of traffic on a roadway is impeded due to
excess vehicle demand, construction, maintenance, traffic incidents, weather, or

other road conditions and events.”

According to a study performed by Bertini (2005), transportation professionals and
academics define the congestion by different measures. The responses relate the congestion
to speed (28 per cent of the respondents), volume (19 per cent), time (18 per cent), and
level of service (LOS) (15 per cent). 16 per cent of the survey respondents have mentioned

cycle failures as the main source of congestion [5].

1.1.3. Reasons of Congestion

Traffic congestion is caused by various reasons. According to the study of FHWA
the most important reason of traffic congestion in USA is bottlenecks (40 per cent) [4]. As
shown on Figure 1.1, five per cent of traffic congestion in urban areas can be attributed to

poor signal timing [4].
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Figure 1.1. Causes of traffic congestion in USA

1.1.4. Results of Congestion

Regardless of the cause of traffic congestion, the results of it reflect in the country
resources in terms of excessive consumption of fuel and loss of productivity due to
excessive trip durations. According to the study performed by Texas Transportation
Institute in the 85 urban areas in 2003, congestion costs over $63 billion or $384 per
person in wasted time and extra fuel [4]. According to the Congestion Management System
2005 Status Report of New York Metropolitan Transportation Council [6], the cost of
congestion in the New York Metropolitan region is $ 26 million per day (or $ 9.36 billion
per year). The study performed by Ergiin (2005) [7] shows that the cost of congestion in

Istanbul in terms of additional fuel and time consumption is $ 3.12 billion per year.

Traffic congestion does not only cause loss of country resources in terms of fuel; it
also increases the air pollution due to the increased pollutant exhaust emission (especially
CO, NOx) and therefore has an important role in global warming. Carbon monoxide and
hydrocarbon emissions are higher in congested traffic due to the lower speeds [8]. The
effect of pollutant emissions on the air quality and climate change has been an important

issue of the European Conference of Ministers of Transport [9], [10]. In addition to these



macro level problems, congestion affects drivers and riders in terms of time losses and

psychological distortion.

1.1.5. Measurement of Congestion

There are various measures used for determining the magnitude of congestion.
Bertini’s study [5] shows that the most of the responses for the measures of congestion are
related to the actual travel time. The respondents have indicated that the congestion can be
measured by delay (29 per cent), LOS (20 per cent), travel time (14 per cent), volume-to-
capacity ratio (14 per cent), speed (13 per cent), queue length (four per cent), and density

(one per cent) [5].

Annual delay per capita in Istanbul due to the traffic congestion is estimated to be
73.9 hours/capita in the study of Ergiin (2005) [7]. The same statistics for New York
Metropolitan Region is defined as 54.75 hours/capita [6]. Thus, citizens of Istanbul
experience 35 per cent more traffic delay in average than the citizens of New York

Metropolitan Region.

The actual travel time or the delay in the desired travel time is the mostly used
quantitative measure of congestion. However, the study of Bertini indicates that half of the
respondents find the measurements of congestion “accurate” (18 per cent) or “somewhat

accurate” (33 per cent) [5].

1.1.6. Effects of Traffic Signals in Congestion

Urban street network includes streets (links) and intersections (nodes) where vehicles
compete with conflicting traffic and pedestrian flows. Therefore, traffic need to be
controlled by means of traffic control devices in order to provide the necessary right-of-
ways required by the traffic flow patterns, to control the speed of the vehicles and to
provide safe environment to the users like pedestrians, drivers and passengers. These
traffic control devices create an interrupted traffic flow on urban streets, and thus cause
delays on the trips of the users. A common type of such devices is traffic signals at

intersections where vehicular traffic and pedestrian flows conflict in space and time.



Increasing delay at signalized intersections has positive relationship with the increase
in traffic congestion. Figure 1.1 shows that five per cent of the congestion in United States
is due to poor signal timing. Although its contribution to the traffic congestion is not very
much (five per cent), optimization of traffic signals can result with good improvements in
local traffic congestion and savings in terms of fuel and time consumption. The signal
optimization project performed by Ergiin, Bayraksan and Coskun (1999) shows that
efficient operation of traffic signals provides benefits in terms of decrease in delay and

therefore in cost of fuel and time consumption [11].

1.1.7. Calculation of Delay and Need for Calibration

Optimization of traffic signals depends upon calculation and minimization of delay at
signalized intersections. There have been various formulas developed throughout the years
for the calculation of delay at signalized intersections. These formulas have been
developed and improved through field surveys and empirical studies. Therefore, they are

generated for the local conditions of the country of their origin.

In order to achieve desired improvements at signalized intersections, the calculation
of delay by using these formulas should represent the actual delay incurred at the
intersection. This study is aimed to address this problem by testing the validity of widely
used Highway Capacity Manual delay formulas and Percentile Delay Method of Synchro
Software, and calibrating these delay formulas to use them at the local cases in Istanbul.
The formulas were created considering the conditions of U.S.A. and therefore required to

be calibrated for the conditions of Istanbul.

1.2. Goals and Objectives

The main goal of the thesis is to test the validity of HCM 1997, HCM 2000 and
Percentile Delay Method delay formulations at unsaturated and saturated signalized
intersections for local conditions in Istanbul. In order to achieve this ultimate goal, the

following objectives were set.

® To do a through literature review on existing delay formulations at signalized

intersections



e To collect delay data for unsaturated and saturated conditions

e To calculate the delay for all intersections, for which the data were obtained, using
various delay formulations by utilizing computer programs and compare the results

with the field measurements.

e To discuss the applicability of various delay formulations and study relationships

with actual conditions.

An oversaturated intersection, Dolmabahce Intersection, was studied in order to
develop the arrival and departure flow diagrams, to analyze the development of queue, to
calculate the delay through the flow diagrams, field study, and delay formulas manually
and by means of software programs, and to analyze and compare the results of these

calculations.



2. LITERATURE REVIEW

The calculation of delay at signalized intersections is related to many parameters. A

summary of the definitions for the terms and parameters used in this study are given below.

2.1. Terms and Definitions

The definitions of the basic terms used in the analysis of signalized intersections are

as follows [12], [13]:

e (Cycle: Cycle is one complete rotation of signal indications for all traffic approaches.

® Cycle Length: Cycle length is the time for a sequence of indicators in a complete

cycle. It is expressed in seconds and given the symbol “C”.

e [nterval: It is the period of time during which a signal indicator (red, yellow and
green) at an intersection remains unchanged. There exist four types of intervals in a

cycle of signals:

o Change Interval: The yellow indication between red and green intervals is called

change interval.

o Clearance Interval: After all change interval, a short period during which all
movements at the intersection face red indication is applied. This interval is called
clearance or all-red interval. The change interval and clearance interval are used
for clearance of the intersection from conflicting movements. The period for the
total of the change interval and the clearance interval is called ‘“change and

clearance” interval and used in the calculations with symbol “Y”.

o Green Interval: It is the time of “green” indication for a particular phase of

movements and is shown with the symbol “G;”.



o Red Interval: The time for “red” indication for a given movement or set of

movements is called red interval and is given the symbol “R;”.

Phase: The total of time allocated for green interval and change and clearance
interval for a given set of movements that receive right-of-way simultaneously is

called a “phase”. Phases are shown by symbol “®;”

Lost Time: It is the time lost during which the intersection is not effectively used by

any movements.

Start-up Lost Time: This period occurs between the clearance interval and green
interval for a movement due to the time spent by the first few vehicles in a standing

queue for starting up and passing the intersection line.

Clearance Lost Time: The portion of the clearance interval during which the vehicles

do not pass the intersection is called “clearance lost time”.

End Gain: The portion of the yellow interval used by some vehicles as an extension
to green interval is called “end gain”. This term is also named as extension of

effective green is given the symbol “e”.

Total Lost Time: The total of start-up lost time and clearance lost time for a specific

movement is called total lost time.

(13 2

Effective Green Time: Effective green time, called by symbol “g;”, is the time that is
effectively available for a movement and is calculated as the green interval plus the

change-and-clearance interval minus the total lost time for a designated movement.

Effective Green Ratio: It is the ratio of effective green time to the cycle length, g;/C.

Effective Red Time: Effective red time is the time during which a specific movement
or a set of movements is effectively not permitted to move. It is the time calculated

€69

as effective green time subtracted from the cycle length and is shown by “r;”.



® Headway: The time elapsed for a vehicle passing the curb line. The first headway is
the time elapses between the start of the green indication and the first vehicle
crossing the curb line. The other headways are calculated as the time between the
successive vehicles crossing the curb line. As a common practice headways are

measured as the rear wheels of the vehicles cross the curb line.

e Saturation Headway: The headway between the vehicles standing in a queue waiting
for the green indication levels generally after the fourth or fifth vehicle. This level
headway is called as saturation headway and shown as “h” in the equations of

signalized intersection analysis.

o Saturation Flow Rate: Saturation flow rate is the number of vehicles in a single lane
that can cross the curb line during an hour of green time. The vehicles are assumed to

cross with the saturation headway and therefore the saturation flow rate, “s”, is

calculated in vehicles per hour of green per lane as follows:

3600
§=—
h

2.1

2.2. Measures of Effectiveness

The signalized intersections are analyzed for the quality of service by means of
various measures of effectiveness. These measures are used in capacity analysis and
simulation models in order to quantify the operation of the intersection. The most common

measures of effectiveness are [13]:
¢ Length of Queue
e Number of Stops
e Delay

Length of Queue: The length of queue at any given time is an important measure of

effectiveness especially for the intersections that are close to adjacent intersection.
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The number of Stops: The number of stops made is used especially for air quality

calculations.

Delay: Delay is the most commonly used criterion that is described by the amount of
time consumed in traversing the intersection. Delay is calculated in many ways and is

named differently for each way of calculation [13]:

o Stopped Time Delay is the time that a vehicle stopped while waiting to pass the

intersection

e Approach Delay is the total time consumed while decelerating from the ambient
speed to stop, the time of stopping at the intersection and the time spent for
accelerating back to the ambient speed after start-up. This delay is named as “Control
Delay” in Highway Capacity Manual (“HCM 2000”) published by Transportation
Research Board [12].

e Travel Time Delay is defined as the difference between the total time actually spent
to traverse the intersection and the driver’s desired total time to traverse the

intersection.

® Time-in-Queue Delay is the time starting from a vehicle joining the queue at the

intersection to its discharge through the curb line.

The delay measurements described above give different results for a given
intersection depending on the conditions of intersection. The difference of the figures

measured at an intersection for these items are illustrated on Figure 2.1 [13].



11

Distance

A D1 = Stopped Time Delay

D2 = Approach Delay

b
S D3 = Travel Time Dela
’ D2 k/\ y

< > Actual
’ Path

Desired

Path \

D3
| -
il 7 >/
7’
4
/
1 1
4 1 1
e 1 1
, 1 1
,’ | |
, ' D1 !
, 1 1
7’ 1 1
L’ | |
/ A >
! .
» Time
G R G

(Source: [13], pg 413)

Figure 2.1. Illustration of delay measures at an intersection

The concept of delay is better explained with the flow rate of the vehicles coming to
the intersection and the saturation flow rate of the vehicles leaving the intersection when
the phase turns to green. Vehicles arriving at the intersection with flow rate of v, pass the
intersection without interruption at green phase if a queue does not exist. The vehicles start
to accumulate and create queue at the intersection as the indicator turns to red. The number
of vehicles in the queue increases at a rate of v until the indicator turns to green. As the
phase turns to green for the approach, the vehicles start to leave the intersection with the
saturation flow rate of s. Figure 2.2 shows the relationship between the flow rates and

delay and queue length [13].

The total time for a vehicle (i) to traverse the intersection is shown as W(i) on Figure
2.2. The area shaded on the figure is the aggregate delay of the vehicles passing at this
specific period of time. Aggregate delay is expressed in vehicle-hours (or vehicle-seconds
or vehicle-minutes). The average individual delay is the average time consumed by any
vehicle during a specific period. It is calculated as the aggregate delay divided by the

number of vehicles that traverse the intersection during that period.
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Figure 2.2. Delay and queue length

The total number of vehicles queued at time t is shown as Q(t) on Figure 2.2. The
figure shows the case in which the queue can be completely served during one green
period and the vehicles do not wait for more than one red period. The delay calculated at
these cases, where the saturation flow rate can catch up with the actual flow rate during

one green period, is called Uniform Delay.

In the other cases, where some of the vehicles have to wait in the queue for more
than one red period, overflow occurs. In these cases, the total delay has another component
in addition to uniform delay, which is called Overflow Delay. Figure 2.3 shows the
uniform and overflow components of delay. The area between the capacity function and
departure function is uniform delay; and the area between the arrival function and capacity

function is the overflow delay [13].

HCM 2000 [12] classifies the figures calculated for control delay and sets the Level
of Service (LOS) criteria for the signalized intersections. The criteria based on the average
control delay per vehicle are listed in Table 2.1. LOS A describes operations with very low
delay up to 10 seconds per vehicle, which means that the progression is very favorable and
most of the vehicles arrive at the intersection when the indicator is green. LOS F states the
operation with an average control delay of over 80 seconds per vehicle which is not

acceptable to most drivers.
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Figure 2.3. Uniform and overflow delay

Table 2.1. LOS criteria for signalized intersections

LOS Control Delay per Vehicle (sec/veh)
<10

> 10 and <20

> 20 and <35

> 35 and <55

> 55 and <80
> 80

Mmoo QW

(Source: [12], Ch. 16, pg 2)

2.3. Queuing and Delay at Signalized Intersections

Traffic flows interfere at merging points or intersections in a network. Therefore, the
journey of a vehicle is interrupted at such points. The delay caused by these interruptions
and consequent queues have been a popular research subject throughout the history. Gazis
have summarized and explained the development of theories for calculation of delays and

queues in Reference [14].
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The researches on calculation of queues and delays are based on theory of stochastic
processes. The basics of the queuing theories created are that the vehicles arrive to an
intersection by an arrival function and depart by a departure function. When the number of
vehicles arrived at a moment cannot depart, the queue starts to occur. Therefore, the main
assumptions made for these researches are about the arrival functions and departure

functions.

The vehicles in a traffic flow arrive the intersection at different #;, t,, #3, ....., 1, times.
Therefore, we can define the headway or gap between two successive vehicles as,

G =t —t

r r r—1

2.2)

Most of the traffic studies assume that the successive headways are independent and
identically distributed random variables. If the probability function of successive gaps of a
random arrival process is denoted as ¢(G), the probability density function for the gap G;

at t=0 where the measurements start, po(G), is defined as follows:
1o
?,(G)= ;qu(x)dx 2.3)
0

Where p is the mean headway given by

oo

E j Go(G)dG (2.4)

0

The most widely used form of ¢(G) in traffic studies is negative exponential where
1 G
P(G) = ¢,(G) :—CXP(——J (2.5)
H H

Theoretical justifications for this density function were made by Weiss and Herman
(1962), Breiman (1963) and Theden (1964) [14]. The study of Weiss and Herman assumes
that the vehicles travel at a constant speed v which is sampled from probability density

function f{v) and this function is not a delta function. Furthermore, it assumes that when a
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vehicle reaches a slower vehicle, it can pass the vehicle immediately without any delay

[14].

Miller (1961) has introduced the concept of traveling queue as another contribution
to the theory [14]. He observed that the limitations of passing a vehicle create platoons of
vehicles traveling at the speed of leader vehicle. This observation eliminates the
assumption of Weiss and Herman mentioned above. Instead of using individual vehicles in
Equation 2.5, he assumes that the successive queues are independent and gap between

queues follows a negative exponential distribution.

In order to describe the situation at points where the movement of a vehicle is
impeded by a conflicting vehicle flow, the concept of “gap acceptance” is introduced. It
defines the situation where the driver waits before passing or merging a conflicting flow
until he finds the headway between two successive vehicles in that flow is acceptable to
him for movement. Gap acceptance is the main assumption used for analysis of
unsignalized intersections controlled by yield or stop sign. Although it is defined as a step
function which is equal to zero for gaps lower than acceptable gap, the functions that can
be generated for gap acceptance is heavily dependent on situation that need field

observations.

In the cases of signalized intersections, the gap acceptance is not included since the
gap between the sequence of conflicting flows of vehicles are defined by signal settings.
Therefore, in order to calculate the expected delay for a single stream at a signalized
intersection, it is required to specify the arrival process, the signal settings and the

departure process.

Many of the studies for estimating the delay at signalized intersections assume a
simple Poisson process of arrival. This assumption is observed to be reasonably
satisfactory for light traffic conditions where there is no platoon created by a close
upstream signalized intersection [14]. The interactions between the vehicles are neglected
in light traffic conditions where Poisson process is acceptable. For heavy traffic a

“compound Poison process” is considered instead of simple Poison [14].
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The signal settings of an intersection can be specified through the distribution of total
cycle length to the green phase where the vehicles are free to move and the red (and
yellow) phase where the vehicles are stopped. It can be assumed that the departure
intervals of vehicles are independent and identical random variables. However, it can be
further assumed for a single lane of traffic that the departure headways are identical and
correspond to a saturation flow rate. The effect of start-up loss incurred by the first vehicle
can be accommodated by increasing the value for the length of red phase somewhat. The
vehicles making right or left turns will have a different departure function than the vehicles
moving straight. Therefore, it is reasonable to divide the movements in classes and assume
that the departure times will be identically distributed independent random variables for

each class if the classes do not interfere.

The signalized intersections are complicated compared to the classical queuing
theory due to the fact that no service is possible during the red phase. Another difference
from the classical queuing theory is that the vehicles do not necessarily depart at the order
of arrival. Therefore, the analysis of delay at signalized intersection focuses on aggregate
delay incurred by all vehicles during the cycle length instead of an individual vehicle.
Besides its difficulty to be calculated due to the red phase, the total delay is important for

use in improvement of the system.

The queuing process at a traffic signal creates a queue length of Q(z) at a time of ¢.

Therefore, the total delay during a cycle length of T is,

T

W= jQ(t)dt (2.6)

0

Let A(t) be the function for number of vehicles arriving to the intersection. For an
analysis period of one cycle length T starting at the beginning of the red phase, no
departures will be possible during (O,R), where R is the length of red phase, and the
departure process will be unrestricted during (R,T). The calculations for total delay
incurred by the vehicles are described below for different arrival and departure functions

[14].
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Let us assume that A(t) is a Poisson process with E[A(t)]=At and the vehicles depart
from the queue at a constant time of s. If we define the total delays for the red phase and

green phase as W and W, respectively, the total delay for the total cycle length will be:

W =W +W, (2.7)

Where
W, = [[0(0)+ A(r)Jar 2.8)
W, = [0(r)at 2.9)

The expected values for Equation 2.8 and 2.9 are derived as follows:

EW,]= RE[Q(O)]+%/1R2 (2.10)
_sE[Q(R)-0(7)] | sE[0*(R)-0*(r)]
E[Ww,]= nr T 2 @2.11)

If we further assume that the queue is in statistical equilibrium where average
number of arrivals per cycle is less than the number of vehicles that can be served during

the green phase, i.e. AT < (T — R)/ s , the expected total delay per cycle can be obtained as,

EW]= %{R+%E[Q(O)]+ s(1+ 1—1,1s ﬂ (2.12)

In order to generalize the Equation 2.12, Gazis assumes that the arrival process is
that postulated by Darroch (1964) while the departure times remain constant [14].
Assuming that the arrivals occur at random during 4 interval, we have E[A(t)]=At. If it is

further assumed that s is a multiple of 4, Equation 2.12 generalizes to,



18

EW]= ﬁ[m%E[Q(o)h s[1+ 1_115 ﬂ (2.13)

If the arrivals are binomial with h=s, the Equation 2.13 takes a special simplified

form of,

E[W]zﬁ[m%f:[g(o)h 25} (2.14)

If we further simplify the problem by assuming that the vehicles arrive at constant
intervals of I/, we can obtain the equation for a minimum possible delay at an

intersection:

EW]= > (R+5) (2.15)

AR
(1-4s)
If we compare Equation 2.15 with Equation 2.13, we can regard the second term in

Equation 2.13 is delay due to the overflow from the previous cycle and the forth term as

delay due to randomness.

The above equations assume that the departure process is constant. We may consider
randomness in departure due to different driver behaviors and interference between the
straight through movement and turning vehicles. In that regard, let us assume that the
departure times are independent, identically distributed random variables with a mean
value of s and a coefficient of variation C. Let us also assume a Poisson arrival process. In
this case, the expected delay during green phase, E/W>], changes while the expected delay
during the red phase, E[W;], is same with Equation 2.10 since it is independent of
departure process. The results of computations yield to a total expected delay during one

cycle as,

E[W]:L){ME(H%MJE[Q(O)h{1+Mﬂ (2.16)

2(1-As A 1-As
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2.4. Calculation of Delay

In addition to the theoretical studies mentioned in Section 2.3, delay at signalized
intersections is studied by various scientists for many years as a measure of efficiency at a
signalized intersection. Most of the recent formulations for calculation of delay at
signalized intersections are based on the formula generated by Webster, which was initially

published in 1958.

2.4.1. Webster’s Formulation

Webster’s original formula is an empirical formula that applies to the vehicles
arriving randomly at fixed-cycle traffic signals. The formula was obtained by computer
simulation assuming random arrivals and gives the average delay per vehicle. Webster’s

delay formula is [15]:

c 1/3
+ —0.65( ) x5 (2.17)
2 x)

Where
C=cycle length, sec
A=proportion of effective green time in a cycle length; g/c
g=flow rate (vehicle/sec)
s=saturation flow rate (vehicle/sec)

x=degree of saturation; q/As

When we reorganize the formula for the basic parameters used in analysis of

intersections, the formula results as follows:

ca-2y (VCJ Yo \(255)
d = c_,_\% —0.65(Cj3(£j . (2.18)

2
2(1 - Vj 2{1 - VC] 8
S sg

%

Where
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C=Cycle Length
g=Effective Green Time
v=Flow Rate

s=Saturation Flow rate

The first part of Webster’s delay formula calculates the average uniform delay in
seconds. This part of the formula is used for uniform delay calculation without any

significant change in the later studies.

The second term accounts for the randomness of the arrivals. The third term is
adopted for adjustment for the field observations made. The adjustment provides five per

cent to 15 per cent decrease in the calculated delay.

Webster’s formula considers the situations where the intersection is not over
saturated; i.e. v/c (flow rate to capacity rate) ratio is below one. Although the second term
of Webster’s formula seems to account for overflow delay as it is added to the uniform
delay, actually the term gives negative results for intersections with v/c ratio over one. In

fact, the second term accounts for the individual cycle failures within an analysis period.
2.4.2. Overflow Delay Formulation

Since Webster’s formula didn’t count for the overflow delay, a new formulation is
required for oversaturated intersections. Figure 2.4 illustrates the situation where the flow
rate is over the rate that the signal can accommodate. As shown in the figure, the total

delay is divided into two sections, uniform delay and overflow delay.

For calculation of the uniform delay part for the total delay at oversaturated
intersections, the first term of Webster’s formula can be used. When (v/s) is substituted
with (g/C)(v/c) and v/c is taken as equal to one since only the uniform delay part is

calculated (see Figure 2.4), the equation results as;

UD = M (2.19)
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Overflow delay is dependent on the period of oversaturation. As the length of the
oversaturation period increases, the delay of the vehicles added to the queue increases. The
overflow delay area shown on Figure 2.4 is the aggregate overflow delay and is calculated

as follows for the time between time T; and T».

2 2
oD, = (7.) ; 7) (v-c) (2.20)
Cumulative
Vehicles
A
VI
Overflow Delay

o A Uniform Delay

V4 Nl S Slope =s

cTf--—-----"3

n
»

T, T, Time (t)

(Source: [13], pg 418)

Figure 2.4. Overflow delay

In order to find the average overflow delay, the aggregate delay is divided to the total

number of vehicle discharged during the period, c(T,-T):
(1, +7,)
OD = = [(v/c)-1] (2.21)

The researches show that for the intersections with v/c below 0.80-0.85, the
stochastic model generated by Webster results with very close delay figures with the ones

actually measured on the field. Also, the overflow delay formula explained above
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represents the field data for the v/c of over 1.15-1.20 [13]. However, the most of the
intersections have a v/c ratio between 0.80-1.20 where both models do not have good

representation. Figure 2.5 shown below illustrates the situation [13].

Comparison of Random and Overflow Models
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(Source: [13], pg 419)

Figure 2.5. Comparison of random and overflow models

The illustration in Figure 2.5 initiated the researches for development of formulas for
combination of these two models. The formulas created had to be asymptotic to the
oversaturation model for high v/c ratios and to the stochastic model for low v/c ratios as

the dotted line shown on Figure 2.5.

2.4.3. TRANSYT Delay Formulation

One of the models was created as part of the TRANSY'T signal optimization program
in 1979 [13]. The simplified form of the overflow delay formula is shown below. The
result of this formula should be added to the uniform delay to find the total delay.

ODzw—T(v—c)+\/(v—c)2+24TOV (2.22)
\%
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Where
OD=Overflow delay, sec/veh
T=Time, minutes
v=Flow Rate, vph
c=Capacity, vph

The later versions of the program have improved this formulation. However, the

latest version of the program uses the HCM 2000 formulation for overflow delay.

2.4.4. Akcelik’s Delay Formulation

Another formula was generated by Akcelik for the intersections in Australia [13].

The formula generated in 1980 is as follows:

0D = Z{(v/c—1)+\/(v/c—l)z+M (2.23)
4 cT
Where
v, /c =0.67+s(g/600)
T=Time, hours
v=Flow Rate, vph
c=Capacity, vph

s=Saturation Flow Rate, vphg
2.4.5. Highway Capacity Manual Formulation

The control delay formula of HCM [12] is composed of three parts: Uniform Control
Delay (d;), Incremental Delay (d;) due to random arrivals or oversaturation and Initial
Queue Delay (d3) for the delay effect of the queue at the beginning of the analysis period.
Therefore, the control delay formula of HCM is:

d=d,(PF)+d, +d, (2.24)



24

Where, PF is the progression adjustment factor to accommodate the effects of the

signal progression.

2.4.5.1. Uniform Delay Component, d;. The uniform control delay component of the

formula accounts for the uniform delay assuming uniform arrivals and stable unsaturated

flow. The formula which is based on the first part of Webster Formula is as follows:

(2.25)

Where
d;=Uniform control delay (s/veh)
C=Cycle length (s)
g=Effective green time for lane group (s)

X=v/c ratio for the lane group

The Progression Adjustment Factor (PF) used in the delay formula to account for the
effects of the signal progression on the calculated delay is determined according to the

following formula:

— (2.26)
)
C

Where
PF=Progression Adjustment Factor
P=Proportion of vehicles arriving on green
g/C=proportion of green time

fPA=supplemental adjustment factor for platoon arriving during green

Progression adjustment factors for different g/C ratios and different arrival types are

listed in Table 2.2 [12].



25

Table 2.2. Progression adjustment factors (PF)

Green Ratio Arrival Type

(g/O) AT 1 AT2 AT3 AT4 ATS5S AT6
0.20 1.167 1.007  1.000 1.000  0.833 0.750
0.30 1.286 1.063 1.000 0986 0.714 0.571
0.40 1.445 1.136 1.000  0.895 0.555 0.333
0.50 1.667 1.240 1.000  0.767 0.333 0.000
0.60 2.001 1.395 1.000  0.576  0.000 0.000
0.70 2.556 1.653 1.000  0.256  0.000 0.000

fpa 1.00 0.93 1.00 1.15 1.00  1.00

(Source: [12], Ch. 16, pg. 20)

2.4.5.2. Incremental Delay, d,. The incremental delay component accounts for the delay

due to the non-uniform arrivals, temporary cycle failures (random delay) and sustained
periods of oversaturation (oversaturation delay). Incremental delay is calculated according

to the following formula:

(2.27)

d, = 900{()( ~1)+ \/(x S+ 8];?( }

Where
do=Incremental delay (s/veh)
T=Duration of analysis period (h)
k=Incremental delay factor depending on the controller settings
I=Upstream filtering/metering adjustment factor
c=Lane group capacity (vph)

X= v/c ratio for the lane group

The adjustment term, k, is introduced in the equation to incorporate the effect of the
controller type on the delay. The factor is equal to 0.50 for the pretimed signal controls,
whereas the factor is below 0.50 for the actuated controls to reflect the ability of these
controls to change the controller settings according to the demand, and therefore reduce the

incremental delay.

Table 2.3 provides the values for k factor depending on the degree of saturation at

the intersection and the unit extension of the controller.
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Table 2.3. k-Values for different degree of saturation and unit extensions

Degree of Saturation (X)
Unit Extension (s) <0.50 0.60 0.70 0.80 0.90 >1.0

<2.0 0.04 0.13 0.22 0.32 0.41 0.50
2.5 0.08 0.16 0.25 0.33 0.42 0.50
3.0 0.11 0.19 0.27 0.34 0.42 0.50
3.5 0.13 0.20 0.28 0.35 0.43 0.50
4.0 0.15 0.22 0.29 0.36 0.43 0.50
4.5 0.19 0.25 0.31 0.38 0.44 0.50
5.0 0.23 0.28 0.34 0.39 0.45 0.50
Pretimed or

Nonactuated Movement  0.50 0.50 0.50 0.50 0.50 0.50
(Source: [12], Ch. 16, pg. 22)

The upstream adjustment factor, /, in the equation incorporates the effects of
metering arrivals from upstream signals. For the isolated intersections, the factor equals to

1.0.

2.4.5.3. Initial Queue Delay, ds. Existence of queue at the beginning of the analysis period

which is remaining from the previous period causes additional delays to the vehicles
arriving during the period since first the vehicles in this queue need to clear the
intersection. In order to define the reflection of this queue to the vehicles arriving during

the period of analysis, the following formula is used.

J, - 18000, (1+u ) (2.28)
cT
Where
ds;=Initial queue delay (s/veh)
Qp=Initial queue at start of period T (veh)
c=Lane group capacity (vph)
T=Duration of analysis period (h)
t=duration of unmet demand in T (h)

u=delay parameter
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The parameters ¢ and u are determined according to the following equations:

T, 9,
c[l —min(l, X

t=0if Q, =0, else t = min{ )]}, and (2.29)

cT
0, [1 = min(1, X )]

u=0ift<T,else u=1- (2.30)

Where

X=v/c ratio for the lane group

2.4.6. Computer Programs Used

2.4.6.1. TEAPAC/SIGNAL 97 and TEAPAC/SIGNAL 2000. One of the computer
programs used for the purpose of this thesis was TEAPAC created by Strong Concepts Inc.
[16]. Signal 97 and Signal 2000 are two modules generated for analysis and design of
signalized intersection in accordance with HCM 1997 and HCM 2000 respectively. Signal
2000 is an updated version of Signal 97 to include the changes made in HCM 2000

version.

Both of the programs use the formulas and methodologies set out by HCM 1997 and
HCM 2000 for analysis of signalized intersections.

2.4.6.2. Synchro 6. Synchro Version 6 (build 612) [17], created by Trafficware
Corporation was also used for evaluation of the intersection data collected. The program
utilizes HCM 2000 formulation and Percentile Delay Method for calculation of delay at
signalized intersections. Both of the methods were executed for comparison with the actual

field measures.

The basic premise of the Percentile Delay Method is that traffic arrivals will vary
according to a Poisson distribution. The Percentile Delay Method calculates the vehicle
delays for five different scenarios and takes a volume weighted average of the scenarios.
The five scenarios are the 10th, 30th, 50th, 70th, and 90th percentile scenarios. If traffic is
observed for 100 cycles, the 90th percentile would be the 90th busiest, the 10th percentile
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would be the 10th busiest, and the 50th percentile would represent average traffic. It is
assumed that each of these scenarios will be representative for 20 per cent of the possible

cycles.

The traffic volumes for each scenario are adjusted up or down according to the
following formulas. The expected number of vehicles, A, is the hourly flow rate divided by

the number of cycles per hour.

A=v* (2.31)

Where
v = Volume (vph)
C = Cycle Length (s)

The variance, or standard deviation, in traffic is the square root of the expected

number of vehicles for a Poisson arrival.

p = Sqrt( A ) = standard deviation in expected arrivals per cycle (2.32)

The expected number of vehicles for a given percentile can be calculated using a

Poisson distribution. This is given by the formula:

VP = (it 2py» 3%

=volume for percentile P (2.33)

Where
C= Cycle Length

z is the number of standard deviations needed to reach a percentile from the mean. It

can be determined from Table 2.4.



The simplified formula to determine adjusted volumes is thus:

with vP > 0

Table 2.4. z values for different percentiles

Percentile z

10 -1.28
30 -0.52
50 0

70 0.52
90 1.28

vP = vt [ [0* C73600] ¢

3600
C

29

(2.34)
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3. METHODOLOGY

In order to achieve the goals of this study the data required were collected. Data
collection was performed in two ways: The intersection data of the previous studies were
gathered and reorganized and data at an oversaturated intersection were collected through
site surveys. The data of previous studies included the studies made by (i) Ozdemir (2001)
[18] ; (i1) Ergun, Bayraksan, and Coskun (2000) [19]; and (iii) Ergun (2006) [20].

The studies from which the data were obtained were with small sample sizes which
indicate dependence on local conditions of intersections, weather conditions, surveyor,
characteristics of the users of the intersection at that specific time, and similar factors.
Therefore, one of the targets of this thesis was to collect as many data as possible in order
to be more representative of real life delay occurrences at signalized intersections in

Istanbul.

The intersections studied, as per the objective of this thesis, are the intersections for
which field delay studies were conducted. Since the aim of this thesis is to analyze the
relationship between the field measurements and calculations, the intersection data archive

was reviewed to select the available data and suitable intersections.

The data collected included traffic flow volumes, existing signal timings, heavy
vehicle percentages, lost time data, and the actual delay values measured in the field. The
data gathered from the review of available data included 38 delay studies conducted for
different approaches of different intersections with different locations and signal

parameters.

The available data for analysis were mainly unsaturated intersections. All of the
available studies for oversaturated intersections were either too oversaturated so that the
end of the queue cannot be observed or the oversaturation was due to the spill back effect
of the downstream intersection. Besides these unfavorable conditions, policemen were
regulating the traffic at some of these intersections which means that the signals cannot be

tested for these intersections. Therefore, in order to evaluate the oversaturated
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intersections, a field measurement survey was conducted for Dolmabahce Intersection in

Istanbul.

After collection of the field data and field delay measurements, the software
programs Signal 97, Signal 2000 and Synchro 6 were used to obtain the delay estimates by
various delay formulas. The calculated delay and actual field measurements are then
compared and linear regression is used to seek the relationship between the field values

and calculated values.

The delay measurements of the oversaturated intersection were also compared with

the delay calculation from the arrival-departure curves.

3.1. Measurement of Delay

For the measurement of delay in the field, the procedure described in HCM 2000
[12] for field measurement of control delay was used. Accordingly the physical data about
the intersection geometry, signal parameters and traffic parameters were obtained. These
data included number of lanes, cycle length, approaches and estimated free flow speed.
The number of vehicles in queue was recorded at regular intervals throughout the survey
time. The intervals were selected so that they were not an integer divisor of the cycle

length.

The other information recorded while counting the number of vehicles in queue
included end of queue at each cycle, total arriving vehicles, total stopping vehicles. The
measurement of delay in the field depends on the assumption that the vehicles counted in
the queue at the end of the count interval experience delay throughout the interval. The
acceleration — deceleration delay correction factor (CF) is also calculated and applied in

the calculation of the control delay.

3.2. Assumptions

The calculation of delay at the intersections studied requires some assumptions. The

following assumptions were made for the indicated parameters.



32

3.2.1. Saturation Headway

The headway measured as the part of the study of Ozdemir [18] was assumed to be
valid for all intersections studied. Therefore, the headway of 1.904 seconds was used for
the objectives of this thesis. HCM uses default headway as 1.895 seconds which

corresponds to 1,900 vphpl saturation flow rate.

3.2.2. Saturation Flow Rate

Based on the same study of Ozdemir [18], the saturation flow rate was used in the
calculations as 1,891 vphpl. The HCM 2000 default value for saturation flow rate is 1,900
vphpl.

3.2.3. Lost Time

The study performed by Ozdemir [18] showed that the average start up lost time was
2.3 seconds, and the clearance lost time was 1.3 seconds. Based on these findings, the total

lost time was taken as 3.6 seconds for the purpose of this thesis.

3.3. Analysis of Data

The intersection data were applied to obtain the results of delay calculations based on
different models using different traffic analysis programs. These programs were Signal 97,
which applies Highway Capacity Manual 97 formulation; Signal 2000, which implements
HCM 2000 formulation; and Synchro, which provides calculations using both HCM 2000

formulation and Percentile Delay Method.

The applicability of the formulas to the oversaturated intersections was tested
through analysis of the data collected from the oversaturated Dolmabahce Intersection. The
queuing profile of the intersection was generated and the formulas were applied to the data

obtained from the intersection.

The results of the calculations were compared with the actual delay measured in the

field to find the validity of the models for the Istanbul. The relationship between the model
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results and actual measurements were analyzed by linear regression in order to create a
formula for modification of the models to reflect the actual case in Istanbul. In this process,

the Statistical Data Analysis tools of MS Excel were used.

The data obtained for the oversaturated intersection was also applied into the
software programs and the results of the programs were obtained. Also time dependent
queuing behavior of the observed approach was analyzed and the delay was calculated
from the arrival and departure flows diagram created. The delay was measured in the field
for two separate periods and the results of delay calculations through various methods were

compared and analyzed.
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4. DATA COLLECTION

In this study 38 intersection approaches from previous studies and one approach
from the oversaturated Dolmabahce Intersection were analyzed. The existing intersection
data used in these analyses were collected from three previous studies done in 2001 [18],

2000 [19] and recently in 2006 [20].

The study done in year 2001 [18] examined four intersections, namely Sarayburnu,
Ahirkapi, Akmerkez and Silivrikapr intersections. The purpose of the study was to
optimize the signaling parameters. However, delay studies were also conducted at two of
these intersections, which were Sarayburnu and Ahirkapi intersections. The data for the
purpose of this thesis were available for these two intersections. The delay measurements
performed for these intersections included both before and after optimization situations.

Therefore, the data available from this study included 14 approaches.

The data collected in the study conducted in year 2000 were for Silivrikap1
intersection. This study also included optimization and resulted with two alternatives of
optimized signal phases. As a result, delay field surveys were performed for three signaling

situations and therefore provided delay data for 12 approaches.

The intersection data collected in 2005 includes five intersections (Unverdi, Yayla,

Kocasinan Girisi, Sirinevler and UEFA Intersections) and 12 approaches.

The data obtained from these studies provided 38 approaches for which all the signal
parameters, intersection characteristics, and traffic flow characteristics as well as control
delay measured in the field were available. The data collected at these intersections were
reorganized for analysis. The approaches that were analyzed were numbered and listed in

Table 4.1.
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Table 4.1. Summary intersection data worksheet

Number Intersectlogame Data Nr. Analysis Period Approach
1 AM PEAK (Existing) EB
2 AM PEAK (Optimized) EB
3 AM PEAK (Existing) WB
1109 Sarayburnu Intersection 4 AM PEAK (OP tn'mzed) WB
5 PM PEAK (Existing) EB
6 PM PEAK (Optimized) EB
7 PM PEAK (Existing) WB
8 PM PEAK (Optimized) WB
9 AM PEAK (Existing) SB
Ahirkapi Intersection — A 10 PM PEAK (Existing) SB
1102 11 PM PEAK (Optimized) SB
12 AM PEAK (Existing) NB
Ahirkapr Intersection — B 13 PM PEAK (Existing) NB
14 PM PEAK (Optimized) NB
15 OFF-PEAK WB
1162A Unverdi Intersection 16 OFF-PEAK EB
17 OFF-PEAK NB
18 OFF-PEAK SB
. 19 OFF-PEAK EB
1163 Yayla Intersection 20 OFF-PEAK WB
1164 Kocasine'ln Girisi 21 OFF-PEAK EB
Intersection 22 OFF-PEAK WB
.. . 23 OFF-PEAK EB
1165 Sirinevler Intersection 7 OFF-PEAK WB
1426 UEFA Intersection 25 OFF-PEAK EB
26 OFF-PEAK WB
27 OFF-PEAK (Existing) SB
28 OFF-PEAK (Existing) WB
29 OFF-PEAK (Existing) NB
30 OFF-PEAK (Existing) EB
31 OFF-PEAK (Optimized — Altl) SB
1115 Silivrikap1 Intersection 32 OFF-PEAK (OptTmTzed — Altl) WB
33 OFF-PEAK (Optimized — Altl) NB
34 OFF-PEAK (Optimized — Altl) EB
35 OFF-PEAK (Optimized — Alt2) SB
36 OFF-PEAK (Optimized — Alt2) WB
37 OFF-PEAK (Optimized — Alt2) NB
38 OFF-PEAK (Optimized — Alt2) EB

The Dolmabahce Intersection was selected for oversaturated intersection analysis.
The camera record of the intersection was obtained for the evening peak period. The traffic
data and delay measurements were then collected from the camera record in accordance

with the HCM procedures as explained in Section 3.
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The data collected at Dolmabahce Intersection included arrival rates and departure
rates for southbound approach, volumes of eastbound and westbound traffic, control delays
incurred by the southbound approach, signal parameters and the intersection geometrical

data.

In order to analyze the development of queue and delay at oversaturated intersection
approaches, the field survey started at 16:30 just before the start of the peak period and the
start of the queue. The vehicles arriving to and departing from the intersection were
counted for every 10 seconds in order to develop the arrival and departure pattern for the
southbound approach which was studied. The vehicles departing from the other approaches

were also counted for every 10 seconds.

The length of the queue of southbound approach has grown beyond the range of
observations in 30 minutes after the start of the study. Therefore, the study period was

limited to 30 minutes field study since it was impossible to count the arriving vehicles.

Delay measurement in field was made for two separate 10-min periods in the study
period in order to evaluate the effect of queue length in delay calculation and
measurement. The first survey was done for the duration between the 1:30 and 11:30
minutes (survey period 1) and the second survey was conducted for the between 16™ and
26™ minutes (survey period 2) of the counting period. The field delay study procedure
described in HCM 2000 was implemented for the purpose of this measurement. Count
interval was selected as 15 seconds which is not an integer divisor of the cycle length. The
delay measurement information collected for two periods were applied in the field control
delay calculation procedure described in HCM 2000. The data and calculations for the two

periods are shown in Table 4.2 and 4.3.



Table 4.2. Intersection control delay worksheet for survey period Nr. 1

Intersection : DOLMABAHCE Date: 08.05.2006
Survey Period: AM Peak ( ) Off Peak ( ) PM Peak ( x)
Crossing Streets:
Observers: Volkan Coskun
Approach & Lane Group: Southbound (towards sea)
No. Of Lanes (L) = 3 Free Flow Speed = 40 km/h
Survey Count Interval (I) = 15 sec.
Survey Time= 10 min. Clock Time: 16:30 - 16:40
Cycle Length (C) = 110 sec. Green/Yellow Intervals =  48/2
COUNT INTERVAL
?::: C,‘fl‘:e 1|2 3| 4a|5]| 6| 7| 8] 9]0
16:30 1 38 48 60 72 59 47 24
2 32 50 61 67 67 55 45
16:35 3 45 54 59 68 64 47 34 24
4 48 55 71 71 59 37 18
5 38 57 66 78 71 58 41
16:40 6 38 54 66 74 59 41 27 20
7 20 20 20 9 0
8
9
10
TOTALS :| 259 | 338 | 403 | 439 | 379 | 285 | 189 | 44 0 0
Total Vehicle-In-Queue Count (T V) = 2336 (sum Totals row)
No. Of Cycles Surveyed (N.) = 5.45 (Survey Time / Cycle Length)
Viot = 354
Vstop = 354
Fraction of Veh. Stopping (FVS) = 1.00 (Veton / Viey)
Avg. No. Veh. Stopping per Lane each Cycle = 21.63 (Vstop / (Ng x L))
Acc.-Dec. Delay Correction Factor (CF) = -1
Time in Queue / Veh. = 89.08 sec. (I X (0 Vig / Vi) X 0.9)
Correction = -1.00 sec. (CF x FVS)

Control Delay / Veh. = 88.08 sec. (Time in Queue/Veh. + Correction)
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Table 4.3. Intersection control delay worksheet for survey period Nr. 2

Intersection : DOLMABAHCE Date: 08.05.2006
Survey Period: AM Peak ( ) Off Peak ( ) PM Peak ( x)
Crossing Streets:
Observers: Volkan Coskun
Approach & Lane Group: Southbound (towards sea)
No. Of Lanes (L) = 3 Free Flow Speed = 40 km/h
Survey Count Interval (I) = 15 sec.
Survey Time= 10 min. Clock Time: 16:46 - 16:59
Cycle Length (C) = 110 sec. Green/Yellow Intervals =  48/2
COUNT INTERVAL
ﬁ:ﬁﬁ: C:::e 1| 2| 3| a|ls]|e]| 7| 8] 9]0
16:46 1 14 23 33 39 49 59 45
2 48 68 77 88 85 83 77
16:51 3 67 71 71 71 105 | 109 | 101 86
4 72 79 79 95 107 97 88
5 83 81 88 94 | 103 | 97 84
16:56 6 76 66 66 95 95 69 51 34
7 34 34 34 34 34 34 18 4 0
8
9
10
TOTALS : | 394 | 422 | 448 | 516 | 578 | 548 | 464 | 124 | © 0

Total Vehicle-In-Queue Count (H V ;) =

3494

(sum Totals row)

No. Of Cycles Surveyed (N.) = 5.45 (Survey Time / Cycle Length)
Vit = 380

Vstop = 380

Fraction of Veh. Stopping (FVS) = 1.00 (Vstop / Viot)

Avg. No. Veh. Stopping per Lane each Cycle = 23.22 (Vsop / (Ne x L))

Acc.-Dec. Delay Correction Factor (CF) =

-

Time in Queue / Veh. = 124.13 sec. (I X (HVi / Vi) X 0.9)
Correction = -1.00 sec. (CF xFVS)
Control Delay / Veh. = 123.13 sec. (Time in Queue/Veh. + Correction)
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S. DATA ASSESSMENT

The data collected was used in Signal97, Signal2000, and Synchro 6 computer
programs for analysis of the situation at the intersections and calculation of the control
delay according to different delay formulas. Signal97 program uses the HCM 1997
formula and provides the delay results accordingly. Signal 2000 program uses HCM 2000
delay formula for calculation of delay. Synchro 6 program can provide results for delay
calculation using both HCM 2000 formulation and Percentile Delay Method. The data
were analyzed using both methods. The results of HCM 2000 formulation were compared
with the ones obtained from Signal 2000 in order to evaluate any difference, if there were,
between two applications of the same formulation. The outputs of the program runs for the

intersections analyzed are provided in the Appendices.

The computer analyses were also compared for calculation of approach v/c ratios.
Since the v/c ratio is directly related to the average delay on the approach, the differences
on delay calculation outcomes were expected to be reflected to the v/c calculations of the

programs.

5.1. Evaluation of Validity of Formulas

5.1.1. Unsaturated Intersections

The results of different delay calculations and the actual field measurement were
used in assessment of relationships between the actual delays measured in the field and the
estimated delays. The list of the program outputs and field measurements are summarized
in Table 5.1. For the purpose of evaluating the relationship between the actual field data
and computer calculations through regression analysis, Statistical Data Analysis tools of

MS Excel were used.
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Table 5.1. Delay measurements and calculations (sec/veh)

g‘f’“““(’n Data Nr. | Field | Signal 97 | Signal 2000 ;{?ﬁ“o IS)yDI;\‘;’ITO
1 470 | 4.80 750 450 330
2 387 | 3.60 6.20 3.50 2.50
3 982 | 8.00 13.10 9.30 9.70
109 4 503 |6.10 10.70 7.10 7.30
5 8.87 |9.00 15.10 9.50 9.80
6 6.09 | 630 11.60 6.70 6.80
7 488 | 450 7.80 470 480
8 380 | 3.0 6.10 3.30 3.40
9 1139 | 7.90 10.60 770 7.20
10 12.86 | 9.70 14.60 9.10 9.30
1102 11 12.77 | 9.60 13.40 8.90 9.20
12 235 |550 9.40 5.20 5.40
13 435 | 440 7.80 420 430
14 421 | 430 7.10 410 420
15 67.68 | 115.70 | 128.80 99.10 97.40
6aA 16 2673 | 4410 | 49.50 54.00 52.50
17 36.99 |55.80 | 67.90 49.80 51.30
13 5328 | 77.00 103.30 128.10 12640
163 19 2466 |20.00 | 21.80 21.60 22.00
20 954 | 18.90 19.60 19.60 19.50
s 21 8.46 | 630 6.70 10.00 36.90
2 1134 | 9.60 12.40 11.70 12.60
163 23 504 | 450 4.90 4.80 4.90
24 153 | 12.60 13.30 11.40 11.50
g 25 13.14 | 12.00 12.80 12.60 12.90
26 711 | 750 8.10 20.60 190.50
27 1455 | 15.10 15.30 14.70 14.80
28 28.81 | 2930 | 34.50 31.10 23.20
29 1148 | 13.70 13.50 13.00 13.30
30 39.46 |30.80 | 37.70 32.70 20.70
31 6.81 | 9.40 9.60 9.50 9.60
s Y 1983 | 2150 | 35.10 24.00 17.60
33 621 | 8.0 8.30 8.40 3.60
34 2841 | 2220 | 35.90 26.50 21.30
35 839 | 10.90 10.30 10.30 10.30
36 3241 (2970 | 34.20 30.80 20.90
37 808 | 1030 |9.70 9.70 9.90
38 3715 | 3750 | 52.30 4140 32.00

* PDM: Percentile Delay Method

The results of the analysis of the intersections were applied paired t-test in order to
test the hypothesis that the means are not different at 95 per cent confidence level. The test
for delay estimates according to HCM 1997 using Synchro 97 software and according to
HCM 2000 using Signal 2000 resulted with the rejection of the hypothesis (P-value
8.74x10™). Also, the test for estimates of HCM 2000 formula by Signal 2000 and Synchro
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HCM rejected the hypothesis (P-value 0.04). The hypothesis were not rejected by the other

tests.

It was seen from the analyses that the estimates of HCM 1997 and HCM 2000 were
different, although there is no change in delay formulation of HCM 1997 and HCM 2000.
The differences between HCM 1997 and HCM 2000 regarding analysis of signalized

intersections are [21];

. New adjustment factors are added for pedestrians and bicyclists in HCM
2000

. A back-of-queue model is developed in HCM 2000

. Saturation flow rate adjustment for protected plus permitted left turns from a

shared lane now requires to be divided for protected and permitted.

The difference between the analyses made using Singal 97 and Signal 2000 were due
to the new back-of-queue model developed in HCM 2000. Table 5.1 shows that the
estimates of HCM 2000 formula using Synchro HCM method and using Signal 2000 were
also different despite the fact that both apply HCM 2000. The main reason for this
difference is that Synchro HCM method doesn’t consider initial queue delay component of
HCM formula since it includes a measure for queue interaction to solve the intersections
on an arterial. In addition to this difference, the platoon factor used does not match HCM,

the input data are different and there are rounding differences [17].

The differences between the field measurement and computer calculations for some
of the data were over 50 per cent of the field measurements. Especially data numbers 12,
20, and 24 shows differences more than 100 per cent of the actual field data. The
comparison for data number 24 indicates a possible error in field measurement of delay for
westbound approach in Sirinevler Intersection. Despite these high differences, all the data
obtained were included in the analysis. Only one data item (#26) was not included in
analysis of Synchro Percentile Delay Method outcomes due to the unreasonable difference

with the actual field measurement (2579 per cent).
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The Percentile Delay Method of Synchro software estimates delay using five
different scenarios of the 10th, 30th, 50th, 70th, and 90th percentiles. The program
assumes that each of these scenarios would be representative for 20 per cent of the possible

cycles and takes a volume weighted average of the scenarios.

As mentioned above, the results of the computer simulations were also compared for
consistency of the v/c ratios obtained shown in Table 5.2. The comparison showed that the
v/c ratios calculated by different programs were similar although there were differences in
delay estimates. It could be concluded from this comparison that the calculation of adjusted
volumes and capacities were similar, and therefore the differences in delay estimates were

not due to the calculation of adjusted volumes and capacities.

The delay estimates were analyzed for representation of the field delay
measurements. The data numbers 15, 16, 17 and 18, which were obtained for Unverdi
Intersection (Intersection Nr. 1162), were excluded from the evaluation since the
intersection was saturated. The evaluation of delay estimates for this intersection is done in

Section 5.1.2

As the first step of statistical analysis, linear relationship was assumed for the
regression analyses of the delay estimates and actual delay measured. A linear relationship
would allow developing an adjustment coefficient for the delay estimates. This assumption
was tested for each regression model through analysis of the distribution of residuals.
Residuals were randomly distributed for all of the regression models, which indicated that
the assumption of linear relationship can be accepted valid. Therefore, nonlinear regression

was not considered necessary.



Table 5.2. Volume/capacity ratios obtained from different programs
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Intersection Nr. Data Nr. Signal 97 Signal 2000 Synchro HCM Synchro PDM*
1 0.34 0.31 0.28 0.29
2 0.32 0.29 0.26 0.28
3 0.72 0.71 0.74 0.74
1109 4 0.68 0.67 0.70 0.70
5 0.80 0.78 0.77 0.77
6 0.75 0.73 0.73 0.73
7 0.37 0.37 0.38 0.38
8 0.35 0.34 0.36 0.36
9 0.27 0.23 0.24 0.24
10 0.76 0.70 0.69 0.69
1102 11 0.79 0.72 0.72 0.72
12 0.67 0.63 0.62 0.62
13 0.41 0.39 0.38 0.38
14 0.43 0.40 0.39 0.39
15 1.15 1.18 1.08 1.08
16 0.92 0.95 0.93 0.93
11624 17 0.95 1.00 0.96 0.96
18 1.01 1.09 1.18 1.18
1163 19 0.66 0.68 0.67 0.67
20 0.56 0.57 0.57 0.57
1164 21 0.52 0.53 0.78 1.00
22 0.44 0.45 0.45 0.45
1165 23 0.34 0.35 0.34 0.34
24 0.58 0.59 0.45 0.45
1426 25 0.69 0.71 0.70 0.70
26 0.66 0.67 0.91 1.37
27 0.61 0.61 0.59 0.59
28 0.58 0.64 0.48 0.55
29 0.49 0.48 0.48 0.48
30 0.35 0.42 0.21 0.34
31 0.58 0.58 0.57 0.57
1115 32 0.65 0.83 0.56 0.65
33 0.47 0.45 0.46 0.46
34 0.38 0.53 0.29 0.42
35 0.50 0.45 0.44 0.45
36 0.56 0.61 0.42 0.51
37 0.44 0.38 0.38 0.38
38 0.46 0.54 0.30 0.43

* PDM: Percentile Delay Method



44

5.1.1.1. Analysis of Signal 97 Program Delay Estimates. The results obtained by HCM

1997 formulation from Signal 97 analysis were compared with the actual field
measurements for searching a linear relationship. Accordingly, linear regression analysis
was applied to the delay estimates of Signal 97. The analysis provided the results shown in

Table 5.3.

Table 5.3. Regression analysis of delay estimates of Signal 97

Regression Statistics
Multiple R 0.9356
R Square 0.8753
Adjusted R Square  0.8714
Standard Error 3.6409
Observations 34
ANOVA
df SS MS F Sig. F
Regression 1 2978.06 2978.06 224.66 5.08E-16
Residual 32 424.19 13.26
Total 33 3402.26
Standard Lower Upper Lower Upper

Coef. Error t Stat P-value 95% 95% 95.0% 95.0%
Intercept -0.79 1.08 -0.73 0.4689 -2.98 140 -2.98 1.40
Signal 97 1.069 0.07 1499 5.08E-16 0.92 1.21 0.92 1.21

The resulting regression model had a coefficient of determination, Rz, of 0.8753
which denotes a very good relationship. The F-test of the model showed that the
relationship was valid with a significance of F-value of 5.08x10'°. Since the relationship
was only for one variable, the significance of the coefficient was the same with

significance of F-value as shown by the t-test of the coefficient.

The t-test for the intercept indicated that the intercept was not significant. Therefore,

the intercept was not significantly different than zero.

It could be interpreted from the regression model that Signal 97 underestimated the
delay by 6.9 per cent compared to the actual field delays for the data analyzed. Therefore,
the results of the Signal 97 calculations can be adjusted with the following formula to

represent the actual field data. The relationship is also shown on Figure 5.1:
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y=-0.79+1.069x (5.1)

Where
x= Signal 97 Estimate
y= Actual Delay

45.00 1
2
40.00 + R™=0.8753

35.00 +
30.00 +
25.00 1
20.00 +

Actual

15.00
10.00
5.00

0.00 1 1 1 1 1 1 1 1
0.00 5.00 10.00 1500 2000 2500 30.00 35.00 40.00
Signal 97

Figure 5.1. Relationship between Signal 97 estimate and actual delay

The study conducted in year 2001 by Ozdemir [18] has analyzed four intersections
by using Signal97 which applied HCM 97 formulas and procedures for the calculation of
control or approach delay. According to the comparison of the field delay measurement
and HCM 97 delay estimation in that study, there was a strong correlation between the two
values with an R? of 0.936. The analysis concluded that the intercept was insignificant and
the estimates of the HCM 97 formula calculated using Signal 97 software were 14.5 per

cent lower than the actual field data.
Field Delay Measurement =—-0.933+1.145* (HCM97 Delay Estimate) (5.2)

According to a similar analysis conducted at an intersection in 2000 by Ergun [19],
the field delay measurement and HCMO97 delay estimates had the following relationship
with an R* of 0.940. The intercept in this analysis was found to be significant at a

confidence level of 97 per cent.
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Field Delay Measurement = —4.45 +1.22* (HCM97 Delay Estimate) (5.3)

As it is seen from the above equations, the analyses of the same parameters in two
separate studies have resulted that the delay estimates of HCM 97 were below the actual

field measurement by 14.5 — 22 per cent.

5.1.1.2. Analysis of Signal 2000 Program Outputs. Linear regression analysis for

relationship between HCM 2000 delay estimates from calculations of Signal 2000 and the

actual field delay measurements provided the results summarized in Table 5.4.

Table 5.4. Regression analysis of delay estimates of Signal 2000

Regression Statistics
Multiple R 0.9264
R Square 0.8583
Adjusted R Square  0.8539
Standard Error 3.8814
Observations 34
ANOVA
df SS MS F Sig. F
Regression 1 2920.18 2920.18 193.84 3.97E-15
Residual 32 482.08 15.07
Total 33 3402.26
Standard Lower  Upper Lower  Upper

Coef Error t Stat P-value 95% 95% 95.0% 95.0%
Intercept -0.58 1.14 -0.51 0.6121 -2.91 1.74 -2.91 1.74
Signal 2000 0.818 0.06 13.92 3.97E-15 0.70 0.94 0.70 0.94

The linear regression model for the delay estimates of Signal 2000 showed that the
relationship was significant according to the F-test. The R” obtained for the relationship
was 0.8583 which also indicated that there was a very good relationship. The t-test for the
intercept and coefficient results that the intercept was not significantly different than zero.
Therefore, it could be interpreted that Signal 2000 overestimated delay using HCM 2000
method and the delay estimates of Signal 2000 can be adjusted with a coefficient of 0.818.
The relationship between the Signal 2000 calculation and actual field data was as in the

formulation given below and shown on Figure 5.2.

y=-0.58+0.818x 5.4



47

Where
x= Signal 2000 Estimate
y= Actual Delay

45.00 —

R’ =0.8583

40.00 +
35.00 +
30.00 +
25.00 +
20.00 +

Actual

15.00 +
10.00 +

0.00 10.00 20.00 30.00 40.00 50.00 60.00
Signal 2000

Figure 5.2. Relationship between Signal 2000 estimate and actual delay

5.1.1.3. Analysis of Synchro Program HCM Outputs. The relationship between delay

estimates obtained by using the HCM 2000 option of Synchro Program and actual delay

measurement on the field was analyzed. The results of the analysis are shown in Table 5.5.

Table 5.5. Regression analysis of delay estimates of Synchro HCM

Regression Statistics
Multiple R 0.9205
R Square 0.8473
Adjusted R Square  0.8425
Standard Error 4.0297
Observations 34
ANOVA
Df SS MS F Sig. F
Regression 1 2882.62 2882.62 177.52 1.33E-14
Residual 32 519.64 16.24
Total 33 3402.26
Standard Lower  Upper Lower  Upper

Coef. Error t Stat P-value 95% 95% 95.0%  95.0%
Intercept -0.39 1.18 -0.33 0.7447 -2.79 2.01 -2.79 2.01
Synchro HCM 0.956 0.07 13.32 1.33E-14 0.81 1.10 0.81 1.10
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The analysis resulted with an R? value of 0.8473 which indicated a very good

relationship. The F-test for the regression model also showed that the relationship was

significant where the significance of F-value was 1.33 x 10™*. The intercept included in the

regression model was found to be insignificant as a result of the corresponding t-test and

therefore could be accepted as zero. The results of the regression analysis showed that the

HCM method of Synchro slightly overestimated the delay compared to the field value. The

formula to adjust the Synchro HCM delay calculations to reflect the actual condition is as

follows. The visual interpretation of the relationship is also provided in Figure 5.3.

Where

y=-0.39+0.956x

x= Synchro HCM Estimate

y= Actual Delay

Actual

45.00

40.00 +
35.00 T
30.00
25.00
20.00 +
15.00
10.00 1
5.00 +

0.00

R =0.8473

0.00

20.00 2500 30.00 3500  40.00
Synchro HCM

45.00

Figure 5.3. Relationship between Synchro HCM estimate and actual delay

(5.5)
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5.1.1.4. Analysis of Synchro Program Percentile Delay Method Outputs. The delay

estimates obtained from applying the data available to the Percentile Delay Method (PDM)
of Synchro were compared with the actual field data. The data item #26 was excluded from
the analysis due to the unreasonable difference between the field measurement and
program output (2579 per cent). The outcomes of the regression analysis conducted are

given in Table 5.6.

Table 5.6. Regression analysis of delay estimates of Synchro PDM

Regression Statistics
Multiple R 0.7121
R Square 0.5071
Adjusted R Square  0.4912
Standard Error 7.3248
Observations 33
ANOVA
df SS MS F Sig. F
Regression 1 171094 1710.94 31.89 3.36E-06
Residual 31  1663.25 53.65
Total 32 3374.19
Standard Lower  Upper Lower  Upper

Coef. Error t Stat P-value 95% 95% 95.0%  95.0%
Intercept 1.56 2.32 0.67 0.5065 -3.17 6.28 -3.17 6.28
Synchro PDM 0.880 0.16 5.65 3.36E-06 0.56 1.20 0.56 1.20

As it is seen from the summary of the regression analysis, the coefficient of
determination, R? value, of 0.5071 was obtained which showed a poor relationship. On the
other hand, the F-test showed a significant relationship at a significance level of 3.36x10°°.
The intercept was found to be insignificant. Therefore, it was seen that Synchro PDM
method has overestimated the delay at signalized intersections by 12 per cent at this
significance and relationship levels. The equation for adjustment of the Synchro PDM
delay estimates for representing the actual field delay is shown below. The visual

interpretation of relationship is shown in Figure 5.4.

y=1.56+0.880x (5.6)
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Where
x= Synchro PDM Estimate

y= Actual Delay
45.00 T

40.00 +

R® =0.5071 M

35.00 +
30.00
25.00 +

Actual

20.00
15.00 +
10.00 +
5.00 +

0.00 1 1 1 1 1 1 1 1
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Synchro PDM

Figure 5.4. Relationship between Synchro PDM estimate and actual delay

The results of the regression analyses for the four delay estimates are summarized
below in Table 5.7. The relations of the delay estimates with the actual delay are illustrated
in Figure 5.5. According to these results of the regression analyses, delay estimates
obtained by using Signal 97 which is based on HCM 1997 formulation showed the highest
coefficient of determination with the actual delay compared to the other methods. The
results also indicate that the delay estimates obtained from Signal 97 program were below
the field measurement whereas the estimates of other methods were over the actual field

delay.

Table 5.7. Summary of the regression analyses

R Square Significance F Coefficient Intercept
Signal 97 0.8753 5.08E-16 1.069 -0.79
Signal 2000 0.8583 3.97E-15 0.818 -0.58
Synchro HCM 0.8473 1.33E-14 0.956 -0.39

Synchro PDM 0.5071 3.36E-06 0.880 1.56
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Figure 5.5. Summary of the delay estimates using different computer programs

5.1.2. Oversaturated Intersection Delay Analysis

In order to analyze the development of queue and delay at oversaturated intersection
approaches, the field survey of the Dolmabahce Intersection, which was selected for
analysis, started at 16:30 just before the start of the peak period and the start of the queue.
The data collected at Dolmabahce Intersection included arrival rates and departure rates for
southbound approach, volumes of eastbound and westbound traffic, control delays incurred
by the southbound approach, signal parameters and the intersection geometrical data. The

layout of the intersection studied is shown in Figure 5.6.

Figure 5.6. Layout of Dolmabahce Intersection
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The vehicles arriving to and departing from the intersection were counted for every
10 seconds in order to develop the arrival and departure pattern for the southbound
approach which was studied. The vehicles departing from the other approaches were also
counted for every 10 seconds. The traffic flow pattern shown below on Figure 5.7 was
obtained for the approach which indicates a typical oversaturated intersection performance.
The traffic flow obtained was very similar to the theoretical oversaturated intersection flow

diagram shown on Figure 2.4.

Vehicles
1200 -

1000
800
600 4
400 4

200 4

00:00.0 05:00.0 10:00.0 15:00.0 20:00.0 25:00.0 30:00.0
Time

Cum. Arrivals

Cum. Departures

Figure 5.7. Traffic flow pattern for southbound approach of Dolmabahce Intersection

Field delay survey was also performed for two separate 10 minutes durations within
the counting period. The first survey was done for the duration between the 1:30 and 11:30
minutes (survey period 1) and the second survey was conducted for the between 16™ and
26™ minutes (survey period 2) of the counting period. The aim of this was to test the

sensitivity of the control delay field measurement method to the length of queue.

The delay was also calculated from the arrival and departure functions (Figure 5.7)
and this calculation was used as comparison basis for the field delay measurements. The
calculation of average delay using this graph was done by determining the area between
the arrival and departure functions and dividing that by the departing vehicles within the

period. This calculation method is named as “graph” method from this point forward.
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The results of the field delay surveys and the graph calculations obtained for survey
periods 1 and 2 and shown in Table 5.8. The average delay for the whole duration of study

was also calculated from the graph and shown in the same table.

Table 5.8. Delay measurements through field surveys and flow diagrams

Delay Measurements (sec/veh)
Survey Period 1 Survey Period 2 Whole Survey
(01:30-11:30) (16:00-26:00) (00:00-30:00)
Approach Field Graph Field Graph Graph
SB 88.08 83.57 123.13 187.22 142.29

As it is seen from Table 5.8, the field studies were close to match for the first survey
period whereas the delay measurements through two different ways resulted with a
considerable difference (34 per cent) for the survey period 2. HCM [12] states that the field
surveys for control delay measurement are not very reliable for the cases where the average
number of vehicles in the queue is over 30 per lane. This limit was exceeded many times
during the second survey period. Based on the above-mentioned suggestions of HCM [12],
it could be concluded that the control delay field survey for the second survey period may
be misleading. Therefore the measurement through calculation of the area on the flow
diagram, which was directly obtained from the arrival and departure rates of the traffic
flow, could be accepted as more reliable for comparison with the delay estimates of

formulas.

The overall study period at Dolmabahce intersection was limited at 30 minutes due to
the extensive length of the queue at the end of the period which made it impossible to
continue counting the length of queue and the arrival of vehicles. The average delay per
vehicle for this period was measured as 142.29 seconds from the area between the arrival

and departure graphs on Figure 5.7.

The data collected were implemented to the software programs and the results shown

in Table 5.9 were obtained for the delay on the intersection approaches.
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Table 5.9. Delay calculations of the software programs

Delay Calculations (sec/veh)
Approach Graph Signal 97 | Signal 2000 | Synchro HCM | Synchro PDM
SB* 142.29 59.02 122.40 61.20 61.60
EB - 129.60 170.60 151.20 149.00
WB - 30.04 32.90 31.40 31.90

* Approach used for oversaturated field delay study

As it is shown in Table 5.9 the delay estimates obtained from the computer analyses
were below the average delay calculated from the graph. This result was contrary to the
analyses of the unsaturated intersections shown in Section 5.1.1 which indicated that the
delay estimates were over the field measurements (except HCM 1997 estimates). The
analysis for the other oversaturated intersection data (Unverdi Intersection, Intersection
Number 1162A) in Section 5.1.1 resulted that the analyses of the intersection
overestimated delay which also contradicts with the analysis for the southbound approach

of Dolmabahce Intersection.

The analyses performed using Signal 97 and Synchro resulted with substantially
different (about 100 per cent) delay calculations than Signal 2000 for the oversaturated
approaches. It was seen from the reports of the programs (see Appendices A, B, C and D)
that the methods except Signal 2000 did not consider the initial queue delay component of

HCM formula.

The data were also applied manually to the HCM delay formula in order to calculate
the initial delay component (d3) of the formula and add to the values obtained from Signal
97 and Synchro HCM method. The other components of the formula were also calculated
in order to compare with computer analyses and actual field data. The equations for
calculation of d;, d;, and d; components of HCM delay formula were given in previous

sections as Equations (2.25), (2.27) and (2.28) respectively.

The manual calculation of delay components of HCM delay formula have resulted
with the delay components shown in Table 5.10 for southbound approach of the analyzed

intersection.
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Table 5.10. Average delay for SB approach by manual HCM delay calculation (sec/veh)

Analysis Period Total Field Delay from
(minutes) di d ds Dela Measured Graph
y Delay P
01:30-11:30 28.0 374 16.6 81.9 88.08 83.57
16:00 —26:00 28.0 105.2 41.4 174.6 123.13 187.22
00:00 —30:00 28.0 77.8 27.3 133.2 - 142.29

The result of the manual delay calculation using HCM formula has resulted with a
delay figure relatively close to the delay measurements from the graph. The delays
calculated for different periods were below the actual delay. The underestimation of the
HCM formula manual calculation was in the range of 1.99 per cent for the first survey
period, 6.74 per cent for the second period and 6.38 per cent for the whole survey. Table
5.11 indicates that the difference between the calculation using HCM formula and field

measurement increased with the increasing oversaturation.

When the d; component obtained from the manual calculation was added to the
results of the Signal 97 and Synchro HCM calculations, the total delay equaled to 86.32
and 88.50 sec/veh respectively.

The delay estimates according to the Percentile Delay Method of Synchro software

were similar to the estimates of the same software using HCM 2000 formula.

In order to test its validity, the data were applied also to Akcelik’s overflow delay
formula shown in Equation 2.23. The calculated overflow delay using Akcelik’s formula
was added to the uniform delay formula result obtained in HCM delay calculation (d;) and

the average delay per vehicle for the period was obtained as shown in Table 5.11.
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Table 5.11. Manual calculation of delay using Akcelik’s overflow delay formula

Analysis Period Uniform Delay Overflow Delay | Total Delay Delay
(minutes) (sec/veh) (sec/veh) (sec/veh) from
Graph

01:30-11:30 28.0 22.3 50.3 83.57
16:00 — 26:00 28.0 62.4 90.4 187.22
00:00 - 30:00 28.0 45.9 73.9 142.29

As it is seen from Table 5.11, Akcelik’s formula underestimated the delay by 40 per

cent to 52 per cent of the actual delay. The total delay did not include an initial queue delay

component and therefore it was below the estimates of HCM formula. However,

comparison of the overflow delay components of two formulas shows that Akcelik’s

formula has resulted with lower figures.

The results of all measurements and calculations explained above are summarized

below in Table 5.12.

Table 5.12. Delay measurements and estimates for the oversaturated approach

Delay (sec/veh)
. . . Signal Signal | Synchro | Synchro HCM Akcelik
Analysis Period | - Field | - Graph | g7, 2000 | HCM* | PDM* | Manual | Manual
01:30-11:30 88.08 83.57 81.9 50.3
16:00 — 26:00 123.13 187.22 174.6 90.4
00:00 - 30:00 142.29 86.32 122.40 88.50 88.90 133.2 73.9

* Including Initial Queue Delay Component
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6. SUMMARY AND CONCLUSIONS

The study included analysis of 38 approaches for unsaturated intersections and one
oversaturated intersection. The data collected were analyzed using computer programs and
delays were calculated using HCM 1997, HCM 2000 and Synchro PDM delay formulas.
The estimates of these formulas were then compared with the actual field measurements.
The comparisons were tested for linear regression and accordingly calibration models were
obtained for these delay formulas. The conclusions obtained from the analyses are given

below.

6.1. Unsaturated Intersections

The results of the field delay measurements and data analyses for the intersections
analyzed under the scope of this thesis were described in Section 5. Accordingly, the

following conclusions can be made for the analysis of the unsaturated intersections:

¢ The summary shown in Table 5.7 indicates that the coefficient of determination for
the estimates of HCM 1997 by Signal 97 software was higher than the other
estimates. It also shows that HCM 97 formulation underestimates the delay which
was the results of the studies by Ozdemir and Ergun in years 2001 and 2000
respectively [18, 19] as well.

¢ The delay estimates of HCM 97 can be adjusted to reflect the field delay by using the
coefficient of 1.069.

e The analysis of two different softwares, namely Signal 2000 and Synchro, using the
HCM 2000 formulation resulted with different relations with the field data although
both resulted with overestimation. The correction coefficients to represent the field
delay for Signal 2000 and Synchro HCM estimates were found as 0.818 and 0.956
respectively. The main reason for this difference is that Synchro HCM method
doesn’t include Queue Delay since it includes a measure for queue interaction to
solve the intersections on an arterial. In addition to this difference, the platoon factor

used does not match HCM and Signal 2000 factors.
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The analysis of the intersections using Percentile Delay Method (PDM) of Synchro
software resulted delay estimates with a poor relationship to the actual delay with a
coefficient of determination (Rz) of 0.5071. The F-test for the regression model
resulted that there was a significant relation between the actual condition and delay
estimates of PDM in which the delay estimates required to be multiplied by 0.88 in
order to represent the actual delay. The creators of the software recommend this
method as a better method for coordination of arterials and analysis of actuated
signals. Also, it is noted in the manual of the software that the accuracy of the HCM

method of Synchro is higher for delay estimates [17].
6.2. Oversaturated intersections
The conclusions of the analysis of the oversaturated intersections are as follows:

The control delay field survey procedure described in HCM 2000 [12] resulted with
delay figure close to the delay calculated from the arrival and departure rates of the
vehicles when the queue length is not beyond 30 vehicles per lane. The result of the
field measurement of control delay has departed from the actual delay, which was

calculated from the arrival & departure graphs, as the queue length increased.

Synchro intersection analysis program does not allow for an input of initial queue.
This is because the software is aimed to be used for coordination of a series of
intersections on an arterial and uses a measure for queue interaction to solve the

intersections on the arterial.

HCM 97 and HCM 2000 estimates for delay at the oversaturated approaches were
found to be different using Signal software. The reason for this is that Signal 97 does
not calculate initial queue component of HCM delay formula. According to the
manual of Signal 97, the software uses Transyt formula for intersections with v/c

ratio above 1.00 [22].

The HCM 2000 analysis made for Unverdi intersection resulted with delay estimates
over the actual delay measurements, whereas the Signal 2000 calculation for

Dolmabahce intersection has underestimated the delay compared to the actual delay.
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Manual calculation of delay using HCM delay formula has resulted with delay

estimates that were 1.99 — 6.74 per cent lower than the actual delay measurements.

Akcelik’s delay formula has underestimated the overflow delay by 40-50 per cent

compared to the field measurements.
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EE-LT+TH+RT Lok 1662 0,357 0.1&3 271 2.1%& *

WE-  TH+RT B33 ¥26E  0.2BE 0.4E8 1485 0,557

HE-LT+TH+RT iy 172 0,217 0.27% 476 0.78& *

EE- ET 4L 1Les  0.02% 0.7&L 1200 0,032

EE- TH 874 I23e 0,302 0458 1483 0.6ED *

Cyols Langth, ¢ B8 sao Ta = gum oritivis) 0,876

Lost Tims Par Cycls, L 9.1 sac Ho= To x GF(C-Ly 0,877

SIGHALSYT fTEAFRC [Var 1.00] - HCH Lawal-of-Sarvics Workshest

kp  Lans Vol Green Onif Proge Lare Calibk  Iner Lare  Lan

FE Gmoup Ratio ERatio Delay Fact Group Term I:-nl;; GEoup GEp AppE
ch  Hwts wia g c d1 EF Capac k Dalay Lo8 Delay Los
- - - - Eaafv - wph =  sadfv  saofv - BROfv -

SE~-LT+TH+RT 2.19%& B3 368 1.00 271 0,500 B9 .54 LEe B2 F
—————————————————————————————————————————————————————— —= EB6.2 F
WE~ TH+RT 0.LE7 452 17.4 1.00 149%C 0.500 1.E0 18. % B
—————————————————————————————————————————————————————— —> 18.9 B
HE~-LT+TH+RT 0.78& LETE 29,4 1.00 476 0.500 12 .30 41.7 D+
—————————————————————————————————————————————————————— —=  41.7 CH+
EE~ ET 0.03 .TRE 2.8 1.00 1200 0,500 0.0& 2.& A
EE~ TH 0.E6&0 402 18 B 1.00 1423 0,500 2.32 20,9 o+
—————————————————————————————————————————————————————— —> 20,0 C+
cyola= 88¢ P ———
Int Total 1 1 R S, - b R F
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VOLERNE COEEDH THEEIES 02/ 28708
IHNT 11&3 - TAYIA - SFF-FERE 14128133
EXIBTINRG:

SICHALST /TEAPAC [Var 1.00] - Capacity Analysis Summacy

Intarssction Averwges for Int F 163 - |
Dagras of Saturation (wiod 0. 98 Wehicle Delay 141.9% Lawvel of Ssrvioce F

827 71 | Phasa 1 | Phase 2 | Fhase 3 |
mlfl-'l _______________________________
I | # & I ” I
s | | * & & | +H++|
f [ | sttt
| I I v I I
| I " | | I
Warth | s d e | | A |
s | ++++ [
[ I v I
o Cml) 273 | GfCa0.1568 | GfCe0. 455
w2407 | Ge 14.0" | o= 40,0

| |
[ |
| ¥+B= 3.0 | ¥Y4B= 4.0" | Y4R= 3. 0"
| ©FF= 0.0% | SFF=30.7% |

Tm BB mpa m TR0 apo = BB, Eg Y=10.0 spo = 11.4% Pad= 0.0 spc = 0.0%

| Lars IWidehs | qrc | S8arvios Rats| hdj | | HCH | L |90% Max|
| @Eroup | Lanes | Raegd Osad | @2 (wph) @E |Volums| wic | Delay | 8 | Quaua |

8B Approach Ceé.2 F

ILT4TH+RT| 1&41 |0.421 |0.163 | T2 | 208 | ERE |2.1%& | E2E.R |*F | B4dE £t

HWE Approach 41.7 L

|ILT+TH+RT| 1&41 |0.306 |0.276 | 312 | 47& | 374 |0.78& | 41.7 |*D+| 347 £t

WE Rpproach 18.% B

| TH+RT| 2&¢2 |0.313 0. 458 | 1400 | 1495 | 233 |0.BE7 | 18.9 | B | 296 £t

EB Appraoach 20.0 o+
I ET | 1271 (0.146 |0.765 | 1185 | 1200 | 45 (0,038 | 2.6 | A 2E fr
I TH | 2342 |0.3582 |0.458 | 1388 | 1483 | 995 0.&&0 | 20.9 v+ 342 fr|
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VELEAH COEETH THESIE 027257406
IAT. 1164 - ECCASIMAN GIRISI — OFP-PERE 14:4%:18
EXISTING
SICHALS?T fTERFAC [Var 1.00] - ACH Input Workshasat
Intarsaction § 164 - Araa Location Type: WOHCED
| | | I | Eay! WVOLIOMES ——
| 127 | 0 | 143 | | | WIDTHS
| 0.0 | 14.0 | G0 ) | w LAHES
| 0o 11 L I i
| | | I o258 B2 1 .
——————————— ! | B —— SN
— g4g 250 2 |
________________ I
142 0.0 @ + ! LU ¥ Horth
e —— I
Sep 230 2 -
[ yF o —
LU R 1 | I [
- 1 0 0 0 Fhasing: E#EQUEKCE 13
| 1 .0 0.0 0.0 FEFHEY H B H H
| I LU L 0 WEELF ¥ T ¥ ¥
| I I I I LEADLAEGC LD LD
Appr Grads &% Beavy ¥Vah. RAdj.Pkg Bus Pk.Hr.Factor oConf.Ped Actustsd Arr. Typs
- & ET TH LT Loz HWm Hb RT TH LT pads/her BT TH LT RT TH LT
sg 0.0 4.7 0.0 11.1 ®Ho 0 O O0.5% 0.94 0.%4 0O- W H ®H 3 & 3
We 0.0 11.7 E.7 0.0 WO 0O 0 0.9 0,87 0.57 0O- MW H ®W 3 3 3
We 0.0 0.0 0.0 0.0 ®wWo 0 00,90 0.%0 0.50  0- MW H ®W 3 3 3
EER 0.0 0.0 4.3 4.% WO 0 O 0.822 0002 0.0 O W B ®H 3 & 3
13 | Phass 1 | Fhase 2 | PFhass 3 | Phase 4 | Fhams & | Fhass & |
-il-lrl--i _____________________________________ - ——e.
| =00 | | - | [ | |
. | = 44t | ++++] | | |
AL e | | n | I | |
| | | - | | [ | |
| | | o | | I | |
Haeth | | ki | -+t | | | |
| | | | | [ | |
| | | | [ | |
| afc=d.200 | @/fce0.122 | /c=0. 567 | /c=0, 000 | /c=0.000 | cfce0.000 |
| o= LE.0" | &= 11.0" | £= E1.0% | gm a.0v | e 0.0% | Cm a.0= |
| Y+Fm 4.0" | Y+4Fm 3.0" | Y46 3.0 | Y+BE= 0.0% | ¥+Be O0.0" | ¥Y+R=e O.0" |
| ©FF= 0.0% | OFF=24. 8% | CFF=40.0% | ©FF= 0.0% | OFP= O.0% | oFF= O.0% |
Cm 90 poo G BO.0 pao = BR 8% Yell. 0 sec = 11.1% Pade 0.0 sec = 0.0%
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VIOLEARW COEEUH THESIE 02/ 25/ 0k
IAT. 1164 - EGCASIHAN GIRISI - OFP-FEARE 14: 45118
EXISTIR:

SEICHALST /TEAFPAC [Var 1.00] - HCH Volums Adjustmant Worksheot

BivE: Flow  Lans kdy Prop.of
-Mwvt Wal PHF Rata  Group Flow LT ET
-~ wh -- wph —  wph — -
SB-RT 0 Q.54 ] - O 0.00 O.00
EB-TH 0 0.5 0 LT+TH 152 1.00 .00
EB-LT 143 0.%4 1E2 - O 0.00 0,00
WE-RT 252 0.5%7 A7 BT 307 0.00 1.00
WE-TH &42 0.57 @74 TH g4 0.00 0,00
WE-LT 0 0.5 0 - G 0.00 Q.00
EE-RT 0 0.88 i - O 0.00 0.00
EE-TH 582 0.88 1123 LT+T 1224 0.13 0.00
EE-LT 142 0.88 1#1 - O 0.00 0.00

SIGHALYT /TEAPRC [Var 1.00] - HCoH faturation Flow Adjustment Workshest

Ap Lana ¥ Adjustmant Factors ndj
PE ¢rowp @l L ——m—@ @ /— — — — — — — — —— — — — — — — — — — — — — — 4 — — — —  — Sat-
ch ®mts Satfl n Lane Haawy Eus Ar Lane Right Laft &dj flow

- ==  pophg - Width WVehs Grade Parkg EBEleok Loew Util Turn Turn Fact wphg

SB-LT+TH 1500 1 1.067 0,500 1,000 1,000 1.000 1.0 1.00 1.000 0, 852 1.00 1737

WE-  ET 1900 1 0,873 0.885 1. 000 1,000 1.000 1.0 1.00 0,250 1.000 1.00 1263
WE- TH 1900 2 1.017 0.94& 1,000 1,000 1.000 1.0 0,55 1,000 1,000 1.00 3472

EE-LT+TH 1500 2 0,923 0,902 1,000 1,000 1.000 1.0 0.%5 1.000 0, 954 1.00 339_0

EIGHALST /TEAFPAC [Var 1.00] - HCH Capacity Analysis Worksheot

Ap  Lans LT adj adj Flow Grasn  Lana vic Crit
pr Group Fhass  Flow  Satfl HRatio Ratio Group Ratio Lans
ch Hrt s TyE=s Eatas Rats vis giT Capas via GEp
- - - vph vphg - - vph - -
EE-LT+TH 162 1737 0,087 0.244 425 0.3E52 #
WE— KT i 1263 0.243% 0.803 1014 0.303
WE- TH L iqre 0,282 0.EF0 1879 0,442
EE-LT+TH 1284 3320 0.3g0 0.726 2452 0.624 #
cyales Langth, © 90 saao Ta = Sum orit(vie) 0,467
Lost Time Par Cyola, L 2.7 sso How To x OF (C-L) 0.482
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VELEAR COSEDH THESIE

INT. 1164 - EXCASIHEN GIRIASI - OFP-FERE
EXIZSTINR:

EICHALYT TEARFRT [Var 1.00] - BHOH Lavel-of-Zsrvics Workshaset

Ap  Lana vol greaen Onif Progr Lame Calib
PE Group  Ratio Eatio Delay Fact Group Tarm
ch Hwta wia gfc dl EF <apad k
- - - -— saofv -— wph -

N2/ 25508
14:4%:182

Inor  Lana Lan
I:-nl;; GEOUp GIp Appr
Calay LO8 Delay Los

By BRafy - -l -

EE-LT+TH 0,352 244 Zg.1 1.00 425 0. 500

2.3 30.E @
— ——s 30.E @

0.303 B0 2.3 1.00 1014 0.500
WE- TH 0.442 JE7T0 11,1 1.00 1979 0,500

0.7 3.1 R
n.72 11.2 B+

EE-LT+TH 0.524 T2k E.E 1.00 2452 0.500

— ——> 0.6 &
0,80  £.3 &

Cyolawm GO
Int Tobtal 0,461 mm—— [p— -——

_— — 6.3 a

o PR 9.2 A
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VOLEAH COSEDH THESIE 02y 25406
INT. 1164 - FCASIHAR GIRISI - SFP-FEAE 14:4%:182
EXISTING:

EIGHRLST/TEAFRC [Var 1.00] - Capacity Analysis summary

Intarsection Aweragas for Int B 164 -
bagras of Saturation (rfop 0.4& 'l.'hl:.1n:1n Dea 1y G.2 Laval of Sarvice &

1 | Phass 1 | Phase 2 | Phaszs 3 |
il-lrl--i _______________________________
| i A | | " |
c el | 44|
El LT ok | | ik |
| | | " | |
I I I-il-i-l- I
Horth | | T | 44+
| |
| |

| G Cal 200 | &fC=0,122 | ¢/C=0. 567 |
| Gm  18.0% | G= 11.0" | G= E1.0% |
| Y+4Em 4.0% | Y+F= 3.0" | ¥4B= 3.0" |
| ©FF= 0.0% | 2FP=24.4% | SFF=40.0% |

| Lars IWidehs | (A | fasrvice Rate] A.dj | | BfM | L | 908 BMax|
| Group | Lanas | qu-:l Osad | @2 (vphi &€ |Voluma| wic | Delay | &8 | Quauna |
ER kpproach .5
| LT+TH | 1441 |0.204 (0.244 | 232 | 425 | 1B2 (0.352 | 30.5 | & | 1E3 :Et|
WE Rpproach 9.6 &R
| ET | 841 0,343 (0803 | 1006 | 1014 | 307 0. 30% 3.1 | B 81 £t
| TH | 2B42 10,312 (0. 570 | 1941 | 197% | 974 (0.442 | 11.8 |*B+| 243 ftl
EE hpproach &3 &n

|LT+TH | 2372 10.417 |10.726 | 2452 | 2452 | 1224 |0.524 | 6.3 |*n | 22& ftl
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VOLEARH COSEDH THEESIES
IHAT 1146 - EIRIHEVLER - OFF-FEAE
EXISTIN:

N2y 28706
16:1E: 30

EIGHALST STEAFPAC [Var 1.00] - HCH Input Workshast

Intarssction § 16E -

Araa Looation Type! HORIED

I I | I | Eay! WVOLOMES ——
| &2 | o] 309 )] | | WIDTHS
| a.0 ) 29.5 | o.n i | w LAHES
| 0 2 ann ——_—————
| | | 11 % 240 ag.0 o .
——————————— f | % —————— FIN
—_ Ty 23,7 2 |
N N E N N EEHE NN R CEE e o o o o o o I
0 .o o g + £ ] n.n o Boeth
________________ L —— |
gng 23,7 2 --
---------------- L] | f —————————
0 0.0 0 11 | | |
————————————————— I oo oo oo Fhasing: SEQUERCE 13
| 11 .0 o0 o.0 | FEEHEY H HH H
| I [ | | 0 (WEELF Y T ¥ ¥
| I | | | LEADLAG L Lz
Appr Grads % Beavy Veh. Adj.Pkg Bus Pk .Hr.Factor Conf.Pad Keotuatsd Arr. Typs
- & ET TH LT Lias HWm Hhb RT TH LT 1:-m:'|u,l’|:|: ET TH LT ET TH LT
ag -L.0 1.6 0.0 1.% HO ] o072 0,90 0,591 - H B | 3 3 3
WE E.0 .8 31 0.0 Ho ] O 0.9 0,91 G, %0) (1 H B B 3 3 3
HE 0.0 0.0 G.0 0.0 Ho ] O 0.9 0,90 G, %) (1 H B B 3 3 3
EER -7.0 0.0 3.0 0.0 HO ] O 0,90 0,90 0, %) - H B " 3 3 3
13 | Phazs 1 | FPhass 2 | Phazs 3 | PFhaz=s 4 | Phass & | Fha=s & |
'il‘lr ____________________________________________________________ —
| | * | | | | |
: | | ki | | | | |
Pl R el | ik | | | | |
| | | | | | | |
| | | | | | | |
Borth | | ++++= | e | | | |
| | | | | | | |
| | | | | | |
| @ C=0. 129 | &/C=0. 500 | &/C=0,111 | /S0, 000 | S/C=0.000 | &/c=0, 000 |
| (= 17.0" | g= EZ.0" | @@= 10.0" | = 00" | Q= [ | L a.0" |
| ¥+Bm 4.0" | T+Bm 3. 0" | Y4B= 3.0" | Y+F= 0.0" | Y4R= 0.0 | ¥+R= 0.0" |
| CFF=7&.7% | OFF= 0.0% | OFF=82.2% | OFP=7&6.7% | OFF=7&.7% | OFF=7&.78 |
Cm G0 mgao Cm BO.0 sgo = B, 9% Yell. ) ssc = 11.1% Pade 0.0 sgc = 0.0%
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VOLEAH COSETH THESIE 02y 2E4 0%
IAT 11486 - SIFINEVLER - OFF-PERE 151151 30
EXIZTIN:

EICHALSY /TEAFRC [War 1.00] - HCoH Volums Adjustmant Worksheat

Appr  MvE Flow  Lans adjy  Prop. -:-:E

-mwt Vol PHF Rate Gooup Flow LT

- vgh -  wvph - vwh — -

ER-RT 00,74 0 - O 0.00 0,00

EB-TH 0 0.%0 0 LT+TH 340 1.00 0,00

ER-LT 30% 0.5%1 340 - 0 0.00 G.00

WE-RT 240 0.%0 2&7 - O 0.00 0,00

WE-TH 770 0.%1 Q46 TH+RT 1113 0.00 0,24

WE-LT 0 0.%0 0 - 0 0.00 G.00

EE-RT 0 0.%0 0 - O 0.00 0,00

EE-TH #0% 0.%0 8949 TH BS9 0.00 0.00

EE-LT 0 0.%0 0 - O 0.00 0,00

EIGHALST fTEAPAC [War 1.00] - HCH faturation Flow Adjustment Worksheat

A Larns ¥ Adjustmant Factors RAdj
pr Gooup Ideal L ————————————————— - - - - Bat-
ch Hmts 2atfl n Lane Baavy Bus Ar Lane Right Left RAdj flow
- -—  pophg - Width WVehs Grade Parkg Eloek I.-:-c Otil Turn Turn Fact wvphg
EE-LT+TH 1851 2 1.0%2 0.921 1.0256 1.000 1.000 1 I] 0.%5 1.000 0,882 1.00 3759
WE~ TB.+E|.':I' 1851 2 Q.98 0,962 0.976 1.000 1.000 1.0 0.%5 0,954 1.000 1.00 32564
EE- TH llilEll 2 0.985 0.5971 1.030 1.000 1.IIII:II:I 1.0 0.%8 1,000 1.000 1.00 357E
SEIGHALST fTERFAC [War 1.00] - HCH Capacity Analysis Worksheat

Ap Lans LT RAdj Rd ] Flow Grasn Lans wiC Crit

pr Group Fhass  Flow  gatf Ratio Ratio Group Ratio Lane

ch Hyte Typs  Eata Rata vim gfT  Capac wia  Grp

- - — vph vphg - - vph - -

ER-LT+TH 340 FIPET 0,050 0,233 877 0.3ee *

WE-  TH+ET 1113 I2B4 0. 342 0. B2 1527 0.878

EE- TH gay IEFE 0.2B1 0.737 2634 0,341 *

cycla Langth, < 50 sao To = fam crib{w/a) 0,342

Lost Time Per Cyele, L 2.7 sano Ho= To x OF (-Ly 0,353
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VOLEARNR COEEDH THESIS 02/ 255086
IAT 11&6 - SIRIHEVLER - OFF-FEARE 15115130
EXISTING

SICHALS? fTEAFAC [War 1.00] - HOH Lesvsl-of-fsrvios Workabset

Bp  Lana Vol Grean Unif Progr Lame Calib Incr Lana Lan
Fr Gooup Ratio Ratio Delay Faot Groap Tarm Dnl;; GEoup  GEp Appr
ch Hvts wia gfc dl EF Capad k Dalay Lo2 Delay Lo

- - - = BRafY - \'Flh - By BRoyY - B -

SE-LT+TH 0. 3g8 (23F 251 1.00 g7 0.500 1.2% 30.4 o

------------------------------------------------------ —» 3.4 c
WE- TH+RT 0.578 G982 11.4 1.00 1427 0.500 1.27  12.§& B+
------------------------------------------------------ —» 12,6 B+
EE- TH 0.341 .7¥ 4.2 1.00 2634 0.500  0.36 4.5 A
------------------------------------------------------ —» 4.5 A
cyals= S0¢ ————

Int Tl:ltil |:| : I’ED e e PR ERE _BEREE _PREEE _PEEEEE _EPELEER _FEEERE BEEE L 1_::_' .1 B+
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VOLERH COEETH THESIE 02/ 28008
IHT 11&5 — SIRIHEVLER — OFF-PEAE 15115130
EXISTINRG

SICHALST /TEAFAC [Var 1.00] - Capacity Analysis Summary

Intarssction Awerages for Int ¥ 160 -
Dagras of Saturation (wfo) 0.48 'l.'hhlcln Dalay 12.1 Lawval of Sarvioa B+

13 | Phass 1 | Fhass 2 | Fhass 3 |
'il'lr _______________________________
| u | * | |

R I +* I l-l-l--il I
S| e | il | |
| | | | |

| | | | |
Horth | | ++++= | i |
| | | | |

| | | |

| GfC=0.189 | G/C=0.089 | ¢/0=0,111 |

| @= 17.0" | &= ER.0" | S= 10.0v |

| ¥+E= 4.0" | T4B= 3.0" | Y+B= 3.0 |

| CFF=7&.7% | OFF= 0.0% | OFF=£2.2% |

| Lans |Widehs | =P | Smrvios Rata| hdj | | BiM | L | 90% Max|
| Group | Lanss| Bagd Dsad | @C (vphy B |Volums]| wioc | Dalay | 8 | Quaus |
8B hpproach .4

| LT+TH | 3042 (0.18@ |0.233 | K74 | E277 | 340 0.328 | 30.4 ) o | 1£E :Etl
WE hpproach 12.6 E+

| TH+RT| 2472 |0, 387 |0.0%2 | 1867 | 1927 | 111% |0.E78 | 12.6 |*BE+| 229 :E‘I:I

EB Approach 4.5 &

I TH | 2442 10,311 |0.737 | 2634 | 2634 | 2%% (0. 341 | 4.5 |*m | 1E1 £t
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WOLEAH COSEDH THESIE

IAT 142&R -

EXISTING

OEFR AWITI -

GFP-FEARE

EICHALST /TEAPRC [Var 1.00] - HZH Input Workshaat

[| el T
15 2&:116

Intarsaotion § 2§ - Araa Looation Typs: WOMCED
| | | ] | Fay! WOLOMES -- =
| | 21 34 1 | | WIDTHZ
| Q.0 11,8 | Q.0 g | L LRHES
| U | 1] 0ol _—
| | | 11 w212 0.0oa .

----------- | N - S5

— 10&0 21.3 2 I

L — - I

L (N (R t ) 6k 0.0 0 Borth

———————————————— - I

gge 2.6 2 --

———————————————— N | HyF£omm——

243 0.0 0y i | | [

————————————————— I 0o 0o 0o Fhasing: SEQUERCE 12
| 1 Q.0 0.0 0.0 FEEHEY H HH H
| I L L U WEELF ¥ T ¥ ¥
| i | | [ LEADLAG LD LD

Appr Grade % Beavy Vah. Rdj.Fkg Bus Pk.HAr.Factor Conf.Ped Actoatsd hrr. Type

- % ET TH LT L=z ®Wm Hb RT TH LT padsshr BT TH LT RT TH LT
g 0.0 4.1 4.4 2% WO 0 00,83 0.83 0.8} 0O M B W 3 3 3

WE 0.0 4.3 4.0 &2 WO 0 0 0.26 0.86 0.B6 0O- W H W 3 3 3

HE 0.0 0.0 0.0 0.0 WO 0 00,800,900 0.%0 0 MW H W 3 3 3

EE 0.0 2.1 4.&¢ 2.0 WO 0O 0077 0.77 0.7 0O- W H W 3 3 3

12 | Fhass 1 | Fhase 2 | Phase 3 | Fhasea 4 | Phasa & | Fhasa & |
-ll-lfi-i _______ —— - - — S
I+ * | " | * [ [ | I

: | = * | el H| | | I
f s A | whddE | sttt | | I
| I v | el [ [ | I

| | | v | | | | I
Horth | | | A I I | I
| | | [ [ [ | I

| | I W [ [ | I

| om0 189 | /el 067 | /=0, &dd | S/ C=0. 000 | /=0, 000 | c/fc=0, 000 |

| = 17.0% | = .0 | o= ER.O® | Gm 0.0" | e a.0v | Cm a.oe

| ¥+B= 4.0" | Y+B= 2.0" | ¥Y4+BR= 3. 0" | ¥+R= 0. 0" | ¥+R= 0. 0" | ¥+R= 0. 0" |

| ©FF= 0.0% | OFF=23.3% | OFF=32.2% | OFP= 0.0% | OFF= O.0% | OFF= 0.0% |

Cm B0 s G B1.0 sgo = 90,08 Ye 5.0 seo o= 10.0% Pade 0.0 sec = 0.0%
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VOLERN C3EETH THESIE 02/ 25/ 06
IAT 1426A - DUEFR AHWITI - OFP-FERE 16 2&:16&
EXIBTING:

EICHALST /TEAPRC [Var 1.00] - AHCH Volums Adjustmant Worksheot

Mt Flow  Lana ady  Prop. -:-:E
-t Vol PHF ERate Gooup Flow LT
—  wph -— wph - wh — -
EB-RT 97 0.83 117 - O 0.00 0,00
EB~TH 91 0.83 110 LT+TH+ET 2e2 0.15 0,44
sB-LT 34 0.83 41 - O 0.00 0,00
WE-RT 212 0.86 247 - O 0.00 0,00
WE-TH 1060 0.86 1233 LT+TH+RT 15L& 0.05 0,16
WE-LT &L 0,88 TE - O 0.00 0,00
EBE-RT 243 0.77  31% - O 0.00 0,00
EE-TH @86 0.77 11E1 TH+RT 1467 0.00 0,22
EE-LT 00,737 0 - O 0.00 0,00

SEICHALS? /TEAFRC [WVar 1.00] - HCH faturation Flow Adjustmant Workshest

A Lara ¥ hd justmant Factors rdj
PE ¢rowp Idesl L ——m—mm—m——-— - -, — - —-— - — M—_—————————————— Sat-
ch Hmots Satf]l n Lana Haewy Eus  Ar Lana Right Laft R&dj flow

- ==  pophg - Wwidth wshes ¢rade Parkg BElowk Lo Dtil Turn Turn Faot wphg

EE-LT+TH+RT 1851 1 0. 993 0.9%961 1.000 1.000 1.000 1.0 1.00 0,241 0. 952 1.00 15']'-'

SEICHALST /TEAPRC [WVar 1.00] - HCH Capacity Analysis wWorkshaeot

Ap Lana LT rdj Rdj Flow Graan Lan Vi <rit
pr  Group Fhasa Flow  Satf Batio Hatio Group Ratio Lans
Bowrs e mm Rwe  we g/ cpn vie o
se-LreTERT | 268 1507 0.178 0.152 290 0.924  +
We-LTeTHWRT 1556 3208 0.405 0.737 2363 0.658  »
EB- TERT 1467 3263  0.450 0.648 2114 0.684
cyole Length, ¢ 80 sss Yo - sum arit(v/s) 0.663

Lost Time Par Cyola, L £€.4 sso Ho= Yo x COf(2-L) 0.714




WVELEAR COSEDH THESIE

IAT 1426k - UEFR AWITI -
EXISTINRG

GFP-FERE

SICHALST fTERPRS [Var 1.00] - HOH Lewvael-of-Sarvice Workshest

Ap  Lana vol @reen Onif Progr Lane Calib Iner
FE Group Ratio Eatio Delay Fact Gooup Tsrm [=la
oh Hwrt s wia gf dl EF Capad k

- —_ - -— ol - wph - Eaafwv
EE-LT+TH+RT 0. %24 .18%2 357 1.00 290 0.EB00 3E.L3
WE-LT+TH+RT 0.&65E L7537 6.1 1.00 2363 0.500 1.4E
EE- TH+RT 0.&6%4 642 10,1 1.00 2114 0.500  1.80
Cyola= B

Int Total 0, B S5 oo o o o o o o o o o o o o o ——

02725706
15 2&:16
Lana Lan
Group  Grp Appr
Dalay Lo2 Dalay Los
Baofw - Een Y -
2.2 E
—————— —_ T2.2 E
7.5 &
—————— —r 7.E A
12.0 B+
—————— —» 12.0 B+

14.2 B+

o — - —
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WVELEAR COSETH THESILIE 02/ 28/ 08
INT 1426A — UEFAR AWITI - <FP-PEARE 16 26116
EXIETING

SLCHALST /TEAFRC [Var 1.00] - Capacity Analysis Summary

Intarsection Aweragss for Int ¥ 26 -
Dagras of Saturation (wfop 0.70 ‘wehicls Dalay 14.8 Lewval of Sarvios B+

12 | Phasa 1 | FPhases 2 | FPhasa 3 |
'll-lrl-i _______________________________
| & ® | - | - |

. I - - & I lllli"il H++I
fl == * | R | “++++]
| | v | b L |

| | | L | |
Borth | | | i |
| | | | ot |

| | | v |

i s | E/c=i, 644 |
| = 17,07 | Gm .07 | = EBR.O% |
| ¥+B= 4.0% | Y4R= 2.0" | ¥Y+B= 30" |

| SFF=32.2% |

[ [ Tm B1.0 pao = 930.0% Y= 9.0 spo = 10.0% Pade 0.0 @sa = 0.0%

| L [widehs | = | farvios Rata] Ad] | | HBM | L |%0% Max|
| Grouwp | Lanss| Bagd Osad | @ (vph) @B |Volums| wic | Delay | 8 | Quaus |

8B Approach 2.2 E

|LT+TH+RT| 12371 0. 283 |0.1%2 | 105 | 27% | 2&2 |0.%24 | 72.2 |=E | &7 f‘l:l

WE Approach 7.5 &
ILT+TH+RT| 2172 |0.508 |0.737 | 2363 | 2363 | 158& (0.&B8 | 7.5 |*=m | 2&2 ft|
EE Approach 2.0 B+

| TH+RT| 2372 [0.477 |0.648 | 2111 | 2114 | 14&7 |0.&54 | 12.0 |*B+| 331 £t




80

VOLEAH COSEDH THEESIE OE/18/08
INT § 2204 - [XLHAEAHCE - FM PERE 21:44:21
EXISTIW: (2ISHAL 57)
EICHALST /TERFRC [Ver 1.00] - HCH Input Worksheet
Intarsaction § 204 - Araa Loocabion Typs:! RO
| | | 11 | Eay!: WOLOMES ——
| 0 oo 2102 || | | WILTHEZ
| Q.0 Q.0 28.2 11 | v LAHER
| | 0 3 —_— —_—
| | | 11 % 0 n.o0 0 .
——————————— f | % - —_— Pl
—_ 10 21.0 2 |
-- - i = I
] o.0 o g + g 0 o.0 0 Borth
_ _— — S— |
1576 3L, 3 —
- — ! | f —_—
] 0.0 0 | | | |
- —— 11 0 o | E"I:uauing: SEQUEHRCE 11
| 11 0.0 1 0.0 0.0 | FPEEHEY H H H H
| I 0o 0 0 WERELF Y T Y ¥
| I | | | LEADLAGZ LD LD
Appr Grads % Beavy Veh. Adj.Pkg Bus Pk Hr.FPactor Conf.Ped Actuatsd Rer. Typs
- El ET TH LT Loz Hm Hb ET TH LT 1:-m:lu,l'hz ET TH LT KT TH LT
2B -10.0 0.0 0.0 3.& HO ] 00,903 0,90 0,%0 - H H H 3 3 3
WE 0.0 .0 &4 0.0 HO ] 00,9 0.9 0, % 0= H H B 3 3 3
HE n.n 0.0 0.0 0.0 HO ] 00,903 0,90 0,%0 - H H H 3 3 3
EE n.n 0.0 E.& 0.0 HO ] 00,22 0.82 0,82 0= H H B 3 3 3
11 | Phass 1 | Pha=s 2 | Phaz=s 3 | Phazs 4 | Phams & | Phasas & |
il-lfl--i . — e T S S — S — — S S S S— T S— T - — i i i — . . . e e — e i i —
| + | | | | | |
: | + | | | | | |
v +ar | <ttt | | | | |
| | | | | | | |
| | | | | | | |
Borth | | +4+++= | | | | |
| | | | | | | |
| | | | | | |
| /=0, 509 | ¢/fc=0, 431 | S/ C=0. 000 | /00, 000 | ¢/0=0, 000 | g/c=0,000 |
| = ERB.O" | G= 480" | Q= 0.0 | G= 0.0 | Gm 0.0 | Gm a.0=
| ¥4+B= 4.0" | Y4B= 4.0" | Y4B= 0.0" | Y4R= O0.0" | Y4+R= 0.0" | ¥Y+R= 0.0" |
| ©FF= 0.0% | OFF=Cd . d% | OFF= 0.0% | FF= 0.0% | &FF= 0.0% | &FF= 0.0% |
Tmlld maao CmllE. 0 gac = 93.0% Ye 2.0 sec = 7.0 Pade 0.0 sgo = 0.0%
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VOLEAR COSEUH THEESIES 0L/i1g/0&
IAT § 2204 - [SLHAEAACE - PM FERE 21144121
EXISTIWG (SLEHAL 57}

SIGHALST fTEAFAC [Var 1.00] - HCH Volume Adjustment Worksheot

bt Flow  Lana Bd] Frop.of
-mrt Vol FHF Eats Group Flow LT ET
—  wph -—— wph - vph — -
ER—RT 0 0. %0 0 - O0.00 0,00
EB—TH 0 0. %0 0 - 00,00 0,00
ER-LT 2102 0.%0 2336 LT 2336 1.00 G.00
WE-ET 0 0.%6 0 - 00,00 0,00
WE-TH 910 0.% 548 TH S48 0.00 0,00
WE-LT 0 0.%6 0 - O 0.00 0,00
EE-RT O 0,82 0 - 00,00 0,00
EE-TH 1976 0.82 2410 TH 2410 0,00 0,00
EE-LT 0 0,82 0 - O 0.00 0,00

SIGHALST fTEAFAC [Var 1.00] - HCH faturation Flow Adjustment Workshoeat

A Lara ¥ Adjustmant FPactors adj
PE croup Idesl L ———mm——m—————————————————— Sat-
ch HWmts Satfl n Lana Haavy Bus  Ar Lana Right Laft &Rdj flow

- ==  pophg - Width Wvehs Crade Parkg Elook Lo Ueil Turn Tuarn Fact wphg

LT 1851 F 0,913 0.965 1.030 1.000 1.000 0.% 0,57 1.000 0, 850 1.00 -I.E'-'E

EIGHALST fTEAFAC [Ver 1.00] - HCH Capacity Analysis Worksheot

Ap Lana LT kdj Rdj Flow Grasn Lana vz Crit
pr Group Phass  Flow  Satf Ratio HRatio Group Ratio Lane
Sowns me mem  Rae vie /o o wie om
se- LT  Pri. 2336 4272 0.547 0.512  Z189 1.067  +
Wwe- TR 8@ 2867 0.328 0.425 1226 0.773
- ™ 2410 437C  0.SE1 0.426 1868 1.287 %
cyele Length, © 114 ssc To - sum oritiv/sm) 1.088

Lost Tima Par Cycla, L 7.2 sac How To x O (C-L) 1.172
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WOLERR COSEUH THESIES 05 18408
IAT § 2204 - CSLHABRHCE — FM FEAE 21:44:21
EXISTING (SICHAL %7)

SIGHALST fTEAPRC [Var 1.00] - HOH Lawval-of-2srvics Worksheat

Ap  Lans Vol Green Onif Peogr Lare Calib Incr Lare Lan

Pr Group  Ratio Ratio Delay Faot Sroup Term Dnl;ﬁ Group Grp Appr
ch  Hwta wia g c dl EF apad k Dalay LoO8 Delay Los
-— - - — maofv -— wph - sy saofv - saofv -

gk- LT 1.087 b1z 27.8 1.00 2129 0.500 40.07 £7.9 E

______________________________________________________ —_—
WE- TH 0.773 A2 28,1 1.00 1226 0.500 4.78 2. 5 c
EE~ TH 1.247 428 32,8 1.00  18E2 0,500 137,20 170.& F
______________________________________________________ —_—
Cyolamlld

Int Total s i S ——

7.9 E
a2 ¢
170.6 F

105.5 F
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VOLEAH COSEDH THESIE

INT ¥

2204 -

[XLHAERHCE — FM FERE

EXISTIWG |SICHAL %7)

NEs18/06
21:44:21

SICHALST fTERAPRC [War 1.00] - Braluation of Interssction Parformanos

Intarssotion § 204 -

- 03,08 Y= 2.0 o0 =

87 11 | Phasa 1 | Phasa 2 |
il'lrl'i _____________________
| t | I
' I t | [
f o | -ttt |
I | | I
I | | [
Barth | | ++++ |
I | | [
| | [
| =0, E08 | ofoe, 421 |
| G=  EBR.O™ | G= dB.O% |
| Y+Fm 4.0% | Y+R= 4.0" |
| ©FF= 0.0% | OFF=Ed.da |
Cmlld mma =106, 0 s
MVMT TOTALS 28 Approach WE RApprowch
Param: Mnits RT TH LT ET TH LT
kdjvol: wph 0 0 2336 0 4z Q
Wid/Loofr/® 040 040 2843 050 21752 040
g/ ¢ Roddc: & 0 n e L b I:I
gic Dead: & 0 U 5 | 0 42 Q
gV gE: wph 0 0 2184 0 122& a0
gwo LwliLoa E C
Deeg Sabiwfo 0,00 0,00 1.07 Q.00 0.77 0.00
Bwg Dalrsfw 0.0 0.0 B%.2 0.0 30.4 0.0
Tok Dl imin o 0 E7 0 120 ]
§ stopsiwh 0 0 Ei&d 0 203 a
Max Quswahb [} 0 104 ] 3L 0
Man Quar ft o 0 =2es 0 44z ]
AFFE TOTARLE
Param:Tnits 8B Approach WE Approwmch
kdjvol: wph 2336 B4a
gwa Lwl:Losg E C
Doy Swbiwio 1.07 0.77
Avg Dalisfw Eg.2 30. 4
Tot Dalimin E76 120
§ stopsiwh Epd 203
Max Qus:weh 104 3L
Max gua: £t gey 44z

7. 0%

HE Approach

RT TH LT
0 i 0
/0 Of0 s
0 0 0
0 0 0
0 0 0
0,00 .00 0,00
0.0 0.0 0.0
0 ] ]
0 0 0
0 ] ]
0 0 0

HE Approach

Pade 0.0 zp0 =

EE Approach
RT TH LT

0 2410 0
00 3643
o 5

o 42
0 18Eb2

EB Approach

2410

0. 0%

Int
Total

E&hd
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WOLERH COSEDOH THEZIS 03/26/08
INT 110% - SARAYEORHD - AH FEAE 21:24: 28
CEFTIMIH
SIGHALZ000/TEAFAC [Var 2.60.07] - HCHM Input Workshaat
Intsrsaction £ 10% - Araa Location Typs: HOHCED
| | | I | Fay: WVOLOMEE —— >
| 0 o ool I | WIDTHS
| 0.0 ] 0.3 ] | | v LAHEES
| 0 0 ol e
| | | 1 5 o o0 0 .
---------- - £ | % e m s F1%
-— 1503% 22.1 2 I
EE================= @ ———————————— I
o 0o o f + ! o 0.0 0 Horth
_______________ - AN NN NN NN N NN NN |
412 187 2 -
--------------- - % I f mmm———————
1&5 a.0 0o |1 | | |
————————————————— 11 10% | o g Fhasing EEQIEHCE 11
| 11 0.0 | 197 | Q.0 | FEFMTY HH H H
| Il o 2] 0 OVERLF T ¥ T ¥
| | | | | LEADLAG LD LD
Ze WE HE EEB
RT TH LT RT TH LT RT TH LT KT TH LT
Haavy wah, aHV .0 .0 ] 001 0 2500 0176 12.4 4.5 .0
Fk-hr fact, FHF 80 .80 .80 .90 (%0 .50 A S I B | gz .82 .92
Fratimed or Act F F F F F F F F F F F F
gtrtup lost, 11 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 &.3
Ext «ff grn, & 2.7 2.7 .7 &y a7 & 1.7 1.7 1.7 &7 2.7 &
Arrival typ. AT 3 3 3 2 2 2 3 3 3 2 2 2
Pad wal, wpad a 0 a 0
Bika wol, vhic 0 ] o ]
Parking locatns H =] Ho =)
Park movrs, Ho a 8] a ]
Bus stops, HE a 0 a ]
Cradas, &G .0 3.7 -8.4 ]
87 11 | Phasa 1 | FPhasa 2 | Fhasse ¥ | Fhasa 4 | Phasa 5§ | Fhasa & |
l--ilrii- ___________________ o o T - - o T T
| | | | | | |
. | | | | | I I
Sl | hanad | | | |
| | | | | | | |
[ | | | | | | |
Horth | S B | | | | |
[ | +  + [t | | | | |
| + + 1w | | | I I
c= 5" = 130" | &= 55.0" | = 0.0 | = 0.0 | &= 0.om | &= 0.0
| T+R= 3.0" | T+R=4.0" | T+R= 0.0" | ¥™ER= 0.0" | ™E= 0.0" | ¥+= 0.0 |
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WOLERH COSEDH THEEIS 0326708
INT 110% - SARAYEURHD - AH FEAE 21:24: 248
CETIMIH

EIGRALZO00/ TERFAC [Var 2.60.07] - BCM Voluma Adjust & Satflow Worksheat

Vol urns ZE WE HE EE

Ad Justoamt RT TH LT RT TH LT ET TH LT RT TH LT
Volums, W i) i) ] 0 1503 0 2 o 10 16% 418 0
Fk-hr fact, FHF B Y [ SR /1] 90 %0 80 73 .73 .73 R N~ A~
Adj v flow, wp 0 a ] 0 1&£70 0 11 0 142 184 454 0
Lana group, LG TH FT+TH+ LT FT+TH

Adj LG flow, w 1£70 159 £an

Frop LT, FLT oo k| .aon

Frop RT, FRT . oo .08 L2488
Saturation 2E WE HE EE

Flow Rakta BT TH LT RT TH LT ET TH LT kT TH LT
BEazs satflo, =o 18591 189 1851
Funbar lanas, H i 2 2

Lane widch, £w LRER =) a2
Haavy wah, fHV L5a] LB47 .93
Grada, fg Lqa2 1.030 1. 000
Farking, fp 1. 000 1. 000 1. 000

Eus block, fbb 1. 000 1. 000 1. 000

Araaz typa, fa 1. 000 1. 000 1. 000

Lame util, £fLo LS50 950 950
Laft-turn, fLT 1. Q00 .95 1. 000
Right-turn, fRT 1. 000 L 980 957
Padeiks LT, fLpb 1. 000 1. 000 1. 000
Padeika FT. fRpb 1. 000 1. 000 1. 000
Local adjustemt 1. 000 1. 000 1. 000

Adj satflow, = 3382 2750 2549

Capacity ZE WE HE EE
hnal yols BT TH LT RT TH LT ET TH LT RT TH LT
Lane group, LG TH FT+TH+ LT RT+TH
Adj Flow, w 170 15% &30
Satflow. = 3382 2750 2509
Lozt timas, tL 3.8 3.8 3.6
Effact graan, g 55.4 12. 4 55.4
Grn ratio, gfc T3S 165 TG
LZ capacity, o 2474 455 2208
v/o ratio, X LET4 it 1] L2A%
Flow ratio, wis 458 L05g 213
Ccrit lama group W W

Sunm crit wis, To 0.558 Total lost, L 7.2

Ccrit wia, Ho LE15




86

WOLFAH COEFOH THEBIZ

AT 1105 - EARAYEORHDO - AH FERE

CETIMTH

SIGHALZ000/TERPAC [Var 2.60.07] - HCM Capacity and Log Workshaot

Lama group, Lo
mdj Flow, w

L capacity, o
v/o ratioc, X
Grn ratio, g/cC
Onif delay, 41
Incr calib, k
Imor delay, d2
Cuans Delay, d3
Onif delay, di+
FProg factor, FF
Contrl dalay, d
Lans group LOE
Finzl Cuaus,ghi

hppr dalay, da
hpproach Log
hppr flow, v

O 26708
21:24:28
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WOLERH COSEDH THEEIS 0326708
INT 110% - SARAYEOEHD — hH FEAE 21:24:28
CETIMIH

SIGHALZO00/ TEAFRC [Var 2 .60.07] - BACH Back of Quawes Workshaet

CaeuEs 1T =4 =] WE HE EBE
Worst Lanss RT TH LT RT TH LT RT TH LT RT TH LT
Lar group. LG TH ET+TH+ LT ET+TH
Init quaua, CbL i} (i} ]
Ln flow. L = 24 336
Ln smatflow, sL 1754 1442 1573
Ln capacity, oL 1303 239 1162
Flow ratio, yL .452 .05g L213
v/o ratio, XL LET4 L349 L2Ag
Effact graan, g 55.4 12. 4 55.4
Grn ratio, gfc LTAD L1ES LTAD
Upstr filtar, I 1.00 1.00 1.00
Gron arrivals, F .50 .17 .49
Flatn ratio, Ep iy 1.00 LET
Frog factr, FF2 1.45 1.00 1.78
cusus (1lst) . Q1 13.8 1.5 4.1
Dusus factr, kB 1.21 .37 1.12
Dusue (2odl . Q2 2.4 L2 .5
Avg quaua, Q 1€.2 1.7 4.6
S0s factor, fB 1,582 1.85 1.70
808 guaus, Op 24. € 3.2 7.8
Awvg spacing, Lh 25.3 27.7 ZE. 0
Avail storg, La o Q 0
Avg distanca 409 482 119
Avg ratio, RQ .o i) ali]
G008 distancs £22 =1 203

80% ratio, RQp .oo .00 .on
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WOLERH COZFOH THEEIS 03/264 06
INT 110% - BARRYEORHD - hH FEAK 21:24: 28
CETIMNTH

SIGHALZO00/TEAFAC [Var 2.60.07] - Capacity Analysis Summary

Intersaction Averages for Imk # 10% -
Dagras of Saturation (wie) 0.55 WVehicls Dalay 10.8 Lewval of Sarvica B+

8q 11 | Fhass 1 | Fhass 2 |
l--llr-il- ______________________
| | |

. | | |
El L | <ttt |
| | | |

| | | |
Horth | S CA R |
I + 4 | |

| + + | w |

| Gc=0.173 | afc=0.733 |

| &= 13.0" | = 55.0" |

| THR= 3.0" | T+R= 4.0" |

| oFF= 0.0% | OFF=21.3% |

| Lians | Widteh | gsc | Barvics Rabas | .l|.-:|.:| | | HCH | L | Cuasus |
| Group | Lanas| Ragd Osad | @2 (vph) 4B |Volums| wic | Dalay | 2 [Modal 1)
HE kpproach 298

IET+TH+LT| 2042 |0.124 (0.165 | 2797 | 455 | 15% |0.34% | 29828 | Cc | 8% ft|

| TH | 2272 |0.521 |0.73% | 2470 | 2476 | 1&70 |0.&74 | 10.7 | B+ 22 £t

|IRT+TH | 2042 |0.287 |0.73% | 2194 | X208 | &38 |0.289 | 6.2 | R | 203 fr|
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VOLFEAH COSFOH THESIS O3/26/0&
INT 110% - SBARRYEORHD — AH FEAE 21:14: 4%
EIIETIHG
SIGRATZO00/ TEAPRC [Far 2 .60.07] - BCHM Imput Workshaet
Inmtsrsaction £ 109 - Araa Location Typs: HOHCED
[ | I I | Fay: VOLDMES —— >
| o a a1 | | WILTHS
| 0.0 | 0.0 0.0 ) | v LAHES
| | 0 LI e
| | | 11 % o a.o0 0 .
—————————— == f | ! ————————————=————= FN
- 150% 22.1 2 |
EEESESSESESESEETIEIIEIEIET ) e o e e e I
i) o.a0 o g + 5 0 0.0 o Horth
——————————————— —— P = - - - - - - e - - .- ... - I
412 1%.7 2 -
——————————————— == ! | f ————————————
1E% a.o 0y 11 | | |
————————————————— |1 108 | 0 8 P]:Liﬂij:lg': EEOEHCE 11
| |1 0.0 ] 157 | .o | FEFMSY HH H H
| Il 0] 2] | OVERLF ¥ ¥ T ¥
| 1 | | | LEADLAGZ LD LD
=4 =] WE HE EB
ET TH LT kT TH LT ET TH LT kT TH LT
Baavy wvah, SHY 1] .0 .0 B Lo 25,0 B1T.e 124 4.5 i
Fk-hr fact, FHF 80 .90 .90 90 %0 .50 B T I K 92 52 52
Fratimsd or Act F P 13 F F F P P P F 13 F
gtrtup lost, 11 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
Ext «ff grn, a 2.7 2.7 2.7 2.7 2.7 2.7 1.7 1.7 1.7 27 2.7 2.7
Arrival typ, AT 3 3 3 2 2 2 3 3 3 2z 2 2
Pad waol, wpad a o a 0
Biks wal, vhic a 0 0 ]
Parking locatns Hi B HO T
Fark mrvr=. Hn i} i} i} ]
Bus stops, HE u} u} u} ]
Crads. %3 a 3.7 -8.4 ]
8311 | Phasa 1 | Phasa 2 | Phasa 3 | Phasa 4 | Phasa 5 | Fhasa & |
l"llr'il' ______________________________________________________________
| | | | | | |
a | | | | | | |
o | Tttt | | | | |
| | | | | | | |
| | | | | | | |
Horth | <4 + | ++++r | | | | |
| | + + |+t | | | | |
| + + | v | | | | |
o= TE"| g= 1&.0" | g= 52.0" | &= a.a" | g= a.om | &= n.om | = o, g |
| T™#R= Z.0" | T™+R=4.0" | T+R= 0.0" | WE= 0.0" | Y= 0.0" | Y+R= 0.0 |




90

WOLERH COSFOH THESI= 0%/26/08
INT 110% - EARAYEORHD - AH FEAE 21:14:4&
EIISTIHG

SIGHALZO00/TEAFPAC [Var 2 .60, 07] - BCM Voluma Adjust & satflow Worksheot

Volums 2B WE HE EBE

Ad Justoant BT TH LT RT TH LT ET TH LT RT TH LT
Volums, W 1] a ] 0 1503 o g o 102 169 418 o
Fk-hr fact, FHF B T [ i 890 80 B0 .73 73 .73 B A
Adj v flow, wp 1] a ] 0 1&70 0 11 0 148 184 454 0
Lane group, LG TH ET+TH+LT FT+TH
Adj L3 flow, w 1E70 15% £38

Frop LT, FLT Lo L83 ululi]

Frop RT. FRT alale} nge 288
Saturation =4 =] WE HE EB
Flow Raka RT TH LT RT TH LT ET TH LT RT TH LT
Bass satfla, =o 1851 1293 1491
Fupksr lanss, H 2 2 2
Larme width, W L HER Ls2e Le2e
Haavy wah, fHV Lqa] . B47 kY
cradas, fg e 1.030 1,000
Parking, £p 1. 000 1. 000 1. 000

Eu=s block, fbb 1. 000 1. 000 1. 000

Araz typs, fa 1.000 1.000 1,000

Lame wtil, fLo LS80 . 950 L850
Laft-turn, fLT 1. 000 LT 1. 000
Right-turn, f£RT 1. 000 . 980 . 557
Padeiks LT, fLpb 1.000 1.000 1,000
PadEiks ET, fRph 1. 000 1. 000 1. 000
Local adjustont 1. 000 1. 000 1. 000

adj satflow, = 3362 2750 2549
SIGHALZO00/ TEAFPAC [Var 2.60.07] - BCM Capacity and LO8 Workshast

Capacity =4 -] WE HE EE
Anzl e i= BT TH LT RT TH LT ET TH LT RT TH LT
Lame group. LG TH FT+TH+LT FT+TH
adj Flow, w 1E70 15% £38
Satflow. = 3362 2750 2549

Lozt tima, tL iy 3.& 3.6
Effact graan, q 52.4 15.4 5.4

Grn ratio, gfc el L2005 . E99

LZ capacity, o 2342 565 2088

vio ratio, X LT13 .28l .06

Flow ratio, wis .458 .n5g L213

crit lama group # #

Zum crik wias, To 0.55& Total lost. L 7.2

Crit wfo, Mo LE1S
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VOLERH COSEDH THEZ2IZ
THT 110% - SARRYENERHD — AH FEAE
EII=STIHG

SIGHALZO00/ TEAFAC [Var 2.60.07] - BCM Capacity and LOE2 wWorkshaeat

Dalay i WE HE
and Lo2 BT TH LT RT TH LT RT TH LT
Lana group, L& TH ET+TH+ LT
hdj Flow, v 1&70 159

LE capacity, o 2342 565

wio ratio, X 713 L2811

Grn ratio, gfcC . E95 L2058
onif delay, di .8 25.1

Incr calib, k .50 .50

Incr delay, d2 1.9 1.2
fuene Delay, d3 .0 .0

Onif dealay, dis .0 .0
Frog factor, FF 1.&5 1.00
comtrl dalay, d 13.1 26. 4

Lans group LOE E+ c+
Finzl Quasus, gbi 0 u]
Appr delay, da 13.1 26.4
Approach LO8 E+ C+
hppr flow, wh 1&70 15%
Intar saction: D= lay 12.5 ©Los E+

03726/08
21:14:4£
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WOLERH COSEDH THEEIS

INT 110% - SARAYEORHD - AH FEAE
EIISTIHG

SIGHALZO00/TEAFPRC [Var 2.60.07] - BCH Back of Quawe Workshaat

Cusues in
Worst Lanes

Ln satflow, sL
Ln capacity, oL
Flow ratio, yL
v/o ratio, XL

Effact grasn, q
Grn ratio, gfc
opstr filtar, I
Gro arrivals, F
Flatn ratio, Rp
Prog factr, FEF2
cuaus (1st),. Q1
tuaus factr, kB
Cusuae (2odi,. Q2
Avg quaua, Q@

S0 factor, fE
808 gquauva, Op
Awvg spacing, Lh
Avail storg, La
hvg distanca
Avg ratio, RQ
S0% distancs
0% ratio, RQp

03/2&6/08
21:14:4&
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WOLERH COEFOH THESIS 03/26/08
INT 110% - SARAYEORHD - AH FEAE 21:14: 48
EIIETIHC

SIGHALZ000/TEAFPAC [Var 2.60.07] - Capacity Analysis Summary

Intersaction Averages for Imc £ 10% -
Dagras of Baturation (wfo) 0.58 WVehicle Delay 12.5 Lawal of Sarvica E+

8q 11 | Fhasa 1 | Fhass 2 |
l--ilr-il- ______________________
| | |

. | | |
EN LA | T+ |
| | | |

| | | |
Horth | s+ b | |
[ + o+ |+ |

| + + | w |

| Gfo=0.213% | gio=0. 893 |

| &= 150" | = 52,07 |

| T+R= 3.0" | T+R= 4.0" |

| oFF= 0.0% | OFF=25.3% |

| Lans | Widthy | g/sc | Barvics Rabs | .Fl.d.] | | HZH | L | s
| Group | Lanas| Fegd Osad | @c (vphy 4E |Voluma| wic | Dalay | 8 |Mods

IRT+TH+LT| 2072 (0.124 0,205 | 400 | 585 | 1585 |0.281 | 2&6.4 | o+ 8 fr|

WE Approach 13.1 E+
| TR | 22/2 |0.521 |0.8%% | 2323 | 2342 | 1670 |0.713 | 13.1 | B+ &8E fr|
EE hpproach 7.5 R

IRT+TH | 2042 10,287 |0.&5% | 2Z0&2 | 2088 | &38 |0.306 | 5 R 212 fr|
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VOLERH COZEOH THESIZE

IMT 110% -
CEFTIMTH

SBARAYEORHD — FH FEAE

0326408
21:35:07

SIGHALZO00/TERFAC [Vaxr 2.60,.07] — BCM Input Weorkshaat

Intarsasction £ 109 -

Arsa Location Typs: HCGHCED

| | | |1 | Fay: VOLMEE -— =
| o o ool | | WIDTHE
| 0.0 0ap 0.0 ) | L LAHES
| o o I i
| I | I % o a0 0 .
---------- - / I i — S5
-— BB 2.1 2 [
SESISISTISTISSISTISISISISSISISITISSS  ————————— I
oo o000 g + f o 000 Horth
——————————————— — - |
1473 187 2 -
--------------- — % | f
134 a.o 0oy |1 | | |
————————————————— 11 218 | o 21 | FPhasing SECOEHCE 11
| I 0.0 ) 157 | 0.0 FEFMEY HHHH
| I 1 o 2] o OFERLF YT Y T ¥
| 1 | | | LEARLCLA G LD LD
b=1-] WE HE EE
RT TH LT KT TH LT RT TH LT KT TH LT
HBaavy wah, aHV .o .o N B 0 4.2 .0 1.4 £ 5 .0
Fk-hr fact, PHF S0 .50 .80 B8 .58 .88 .85 .BE g5 L =
Fratimed or Act F F F F F F F F F F F F
gtrtup lost, 11 2.3 2.3 2.3 2.3 2.3 2% 2.3 2.3 2.3 2.3 2.3 2.3
Ext «ff grn, &« 2.7 27 2.7 2.7 2.7 &0 1.7 1.7 1.7 2.7 &7 &
Arriwval typ, AT 3 3 3 2 2 2 3 3 3 2 2 2
Fad vol, wpad 0 0 o 0
Bika wol, whiec 0 0 o 0
Farking locatns HO HO HO - ]
FPark mwrs, Ho i} 0 a ]
Bus stops, HE a 0 a 0
crada, @G .a 3.7 -8.4 N
8q 11 | FPhasas 1 | Fhase 2 | PFPhasae ¥ | Fhasa 4 | Fhasae 5 | Phasa & |
ek l|' LB o o o o o o o o o o e o o o o o o o i o o o e o o - -
| | | | | | |
: | | | | | | |
A | <+ | | | | |
| | | | | | | |
| | | | | | | |
Horth | <+ +or |+t | | | | |
| | + o |t | | | | |
| + + ] ¥ | | | | |
c= 827 e= 12.0" | &= &3.0" | &= a.o" | G= a.o" | G= 0.0" | &= a.a" |
| T™+Rk= 3.0" | T™+R=4.0" | T+R= 0.0" | ¥HR= 0.0" | ¥+E= 0.0" | ¥+R= 0.0" |




95

VOLERH COZFOH THEEIZS 037264 06
IHT 110% - EARAYEORHND - FH FEAE 21:33:079
CEFTIMTH

SIGHALZO00/TEAFAC [Var 2.60.07] — HCM Volums Adjust & Satflow Workshast

Vol ums ZE WE HE EE

Ad :|1.L stoart RT TH LT KT TH LT RT TH LT RT TH LT
Volums, W a a ] 0 e5% i 21 o 216 134 1473 0
Fk-hr fact, FHF B LY i [ (O i1 B T 1 .85 .85 .85 NP A
adj v flow, wp a a ] 0 235 i 25 o 254 154 1£53 0
Lana group, LG TH FT+TH+ LT FT+TH
Adj Lz flow, w 2a5 278 1847

Frop LT, FLT . ono .91 . oon

Frop RT, FR . ono L0580 .oa3
Saturation 2E WE HE EB
Flow Rata RT TH LT ET TH LT ET TH LT ET TH LT
Basa satflo, so 1891 1851 1851
Funbsr lanas, H 2 2 Z
Lane widch, W LBl . G2e Le2e
Bawvy wah, fHV Loag .823 Loag
crada, fq . 5az 1.030 1. 000
Farking, fp 1. 000 1. 000 1. 000

Bu=s block, fbb 1. 000 1. 000 1. 000

Araa typas, fa 1. 000 1. 000 1. 000

Lamne util, fLo L850 . 850 .95
Laft-turn. fLT 1. 000 L858 1. 000
Fight-turn, fRT 1. 000 . Gam . qar
Fadeika LT, flphk 1. 000 1. 000 1. 000
Fadeika ET, fRpb 1. 000 1. 000 1. 000
Local adjustort 1. 000 1. 000 1. 000

Adj satflow, = 338 3187 3257

SIGHALZ000/TEAFAC [Var 2.60.07] — BCM Capacity and LOS Workshast

Capaoity 2B WE HE EBE
Anzl e iz RT TH LT ET TH LT RT TH LT ET TH LT
Lana greoup, LG TH FT+TH+ LT FT+TH
Adj Flow, w 255 279 1247
Satflow. = 3368 3187 3257
Lozt tims,. tL 3. & 3.6 3.6
Effact graan, g £3.4 11.4 £3. 4
Grn ratio, gfcC K L13% L7173
LZ capacity, o 2504 443 2518
v/o ratio, X . 344 LE30 Y |
Flow ratio, w/s .28 Lhzg .BET
crit lame group * "
2unm crikt wis, Ta 0,655 Total lost, L 7.2

crit wio, Mo .71e
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WOLEKRH COSFOH THESIZ
IHT 110% - SARAYEORHO - FH
CETINTH

FERE

SIGHALZO00/TEAPAC [Var 2.60.07] - HCM Capacity and LO8 Workshast

LC capacity, o
wia ratio, X

Grn ratio, g/C
nif delay, di
Inar calib, k

Incr delay, d2
Duana Delay, d3
onif dalay, di+
Frog factor, FF
comtrl dalay, d
Lane group LOE
Final Quauas, ghi

hppr dalay, dr
hpproach Log
Appr flow, v

037286/ 08
21:33:07
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WOLEAH COSFEDH THEZ2IZ
THT 110% - SARAYENRHD - FH
OF TIMOH

FERE

SIGHALZON0/TERPAC [Var 2.£60.07] - HCM Back of Quauwe Workshaat

CuauEs in ZE WE HE
Worst Lanms BT TH LT RT TH LT ET TH LT
Lame group, L& TH ET+TH+ LT
Init gquaus, CbL i} (i}
Ln flow, wL 471 147
Ln satflow, =L 1773 1672
Ln capacity, oL 1371 233
Flow ratio, yL L2EE Lh2g
vio ratioc, ML L 344 B30
Effact grasn, g £3.4 11.4
Grn ratio, gfc 1T L1139
Opstr filtar, I 1.00 1.00
Grn arrivals, F B2 .14
Flatn ratio, Ep . &7 1.00
Frog factr, FF2 1.%1 1.00
Cusus (l=t) . Ql [ 3.2
Cusue faotr, kE 1.3% .39
ouaus (2ndy, Q2 .7 L&
Avyg quave, O 7.0 3.e
%0s factor, fE 1.&2 1.73
808 guaus, Op 11.4 £ . &
Avg spacing, Lh 25.2 25. 3
Avail stong, La i} (i}
Avg distanca 177 85
Avyg ratio, RQ Loa Lo
S0s distznos 287 1E&
0% ratio, ROp Lo i

037286/ 08
21:335:47
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WOLERH COSEDH THEEIS 0326008
INT 110% - SARAYEOEHD — FH FEAE 21:33:07
CFTIMIH

SIGHALZO00/TEAFRC [Var 2.60.07] - Capacity Analysis Summary

Intsrssction Avarages for Imt & 10% -
Dagras of Saturationm (wfe) 0.61 WVehicls Dalay 12,6 Lawvael of Sarvica B+

8q 11 | Fhase 1 | Fhasa 2 |
l--ilfii- ______________________
| | |

. | | |

E L | <+ |
| | | |

| | | |
Horth | o+ A | |
I + o+ | |

| + + 1 v |

| Gfo=0.148 | Gfc=0.7&8 |

| = 12.0" | &= &£3.0" |

| THR= 3.0" | T+R= 4.0" |

| oFF= 0.0% | OFF=12. 3% |

| Lans |Widthy | gic | Barvica Rabta| Adj | | HZH | L | Qus
| Group | Lanes| Begd Osed | @C (vph) 4B |Voluma| wic | Delay | 8 |Mods

WE Approach &1 &
I TH | 2272 |0.321 |0.773 | 2555 | 2604 | 255 |0.344 | .1 | & | 287 £t
EE Approach 11. & E+

IRT+TEH | 2042 10,550 [0.773 | 250& | 2518 | 1847 |0.734 | 11.& | B+ 714 fr|
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FOLERH COSFOH THEEIZS
AT 110% - BARAYEORHO - FH

EIIETIHG

SIGHALZO00/ TERFAC [Var 2 .&0.

Intarsection £ 109 -

03 2650&
FERE 21:30: 34

07] - BCM Input Workshaat
Araa Location Typa: HOHCED

| Eay: WOLMES -— *

| T+#R= 3.0" | T+R= 4.

| | | |
I | Qo 0ol I | WIDTHE
| 0.0 | 0.0 | | | v LAHEE
| 0 | ool ——————————————————=
| | | 11 % i} a.o 0 .
---------- = r | % ——————— FlN
- 858 22,1 2 |
mmEmmmEmrmmEEmEmmm—— ee————————————— |
i) a.a o g + 5 0 a.a 0 Horth
——————————————— — = I
1473 187 2 ==
--------------- — ! | f —
134 a.a0 0 o 11 | | |
————————————————— 11 218 | (L 21 | :E']:I.iﬂ:i.l:lg': SECEHCE 11
| 11 0.0 | 197 | 0.0 FEFM=F HH H H
| 11 o 21 o OFERELF T ¥ T Y
| 11 | | | LEADLAG LO LL
2E WE HE EE
ET TH LT ET TH LT ET TH LT kT TH LT
HBaavy wvah, sHY 0 .0 . B I .0 4.8 .o 1.4 3.7 .9 .0
Fk-hr fact,. FHFE S0 .50 .40 S8 .RE L 9& LB .85 L85 e L aem
Fratimed or Aot F F F F F F F F P F F F
gtrtup lost, 11 2.3 2.3 2.3 2.3 2.3% 2.3 2.3 2.3 2.3 2.3 2.3 2.%
Ext &ff grn, & 2.7 2.7 2.7 2.7 2.7 27 1.7 1.7 1.7 27 2.7 2.7
Arrival typ. AT 3 3 3 2 2 2 3 3 3 z 2 2
Pad wal, wpad 1] 0 0 0
Eiks wol, wvhkic 1] 0 i) L]
FParking locatns B Ho HO B
Fark mowrs, Ho 0 i} (i} ]
Bus stops, HE 0 i} i} ]
crads, &G 1] 3.7 -84 L]
8q 11 | Fhasa 1 | Fhase 2 | Fhasa 3 | Fhase 4 | Fhasa 5 | Fhasa & |
l--ilr-lll _____________ — B EEEEE———————— — —
| | | | | | |
. | | | | | | |
| | Tttt | | | | |
| | | | | | | |
| | | | | | | |
Horth | =4 +ir |+ | | | | |
| | + + |+t | | | | |
| + + | v | | | | |
|
|
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FOLERH COSZEUH THEEIS 0326708
INT 110% - BARAYEORHO - FH FEARE 21:30: 34
EIIETIHG

SIGHALZO00/ TEAFRC [Var 2.60.07] - HCM Voluma Adjust & Satflow Workshest

Voluma ZE WE HE EE
Adjusteant RT TH LT KT TH LT RT TH LT RT TH LT
Voluma, W 0 a 0 0 2855 ] 21 0 E1& 134 1473 ]
Fk-hr fact, FHF .00 .00 .00 B %8 .5%5 .gE .85 .85 e
hdj e flow, wp o] a 0 0 285 ] 25 o 254 154 1&53 ]
Lane group, LG TH FT+TH+ LT FT+TH

hdj L flow, w 255 218 1247

Frop LT, FLT . ooo .90 .oon

Frop RT, FRT . Qoo L0E0 LRz
Sxturation ZB WE HE EE

Flow Rata RT TH LT KT TH LT RT TH LT KT TH LT
Basa satflo, so 1251 1851 1851
Puobar lanss, H 2 2 2

Lana width, fW LBER Ch2e CE2e
Bazvy wah, fHY CBRE LBal LBRs
crada, fg L2 1.030 1. 000
Parking, f£fp 1. 000 1. 000 1. 000

Eus block, fbb 1. 000 1.000 1. 000

hraaz typa, fa 1. 000 1. 040 1. 000

Lana uwtil, fLD . BEO 850 L BED
Laft-turn, fLT 1. 000 .95 1. 000
Fight-turn, fRT 1. 000 . 5an L5
FadEika LT, fLphb 1. 000 1.000 1. 000
Fadeika ET, fRpb 1. 000 1.000 1. 000
Loczl adjustent 1. 000 1.000 1. 000

hdj satflow, = J3ed Jiae J257
SIGHALZO00/ TEAFRC [Var 2.60.07] - HCM Capacity and LO2 Workshest

Capaaity 2B WE HE EE
Anzlysis RT TH LT KT TH LT RT TH LT RT TH LT
Lane group, LG TH FT+TH+ LT FT+TH

hdj Flow, 255 28 1447
Satflow, = J3e Jjar 257

Lost tima, tL Ny iy N
Effact grasn, g £0. 4 15. 4 0.4

Grn ratio, gfc .T2a L1188 .T28

L capacity, o 2451 551 2370

wio ratio, X . 3E5 - 778

Flow ratio, w/is . 2EE Jhgg 17,

crit lame group - *

Sunm crit w/is, To 0.655 Total lost, L 7.2

orit wio, Mo .77
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VOLERH COSFOH THEZIS

mr 110% -
EIIETING

BARARYEORHD — FH

FERE

SIGHAL2O00/TERPAC [Var 2.60.07] - HCM Capacity and LOS Worksheat

LC capacity, o
via ratio, X
Grn ratio, g/cC
Onif delay, d1
Imcar calib, k
Imor delay, d
fuana Delay, d3
Onif dalay, di+
Frog factor, FF
conmtrl dalay, d
Lane group LOE
Final Queuas, ghi
hppr dalay, dn
hpproach Log
Appr flow, v

0372608
21:30: 34
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WOLERH COEFH THESIS
THT 110% - BARRYENEHD - FH FEAE
EIISTIHG

BIGHALZO00/ TERFAC [Var 2.60.07] - BCHM Back of (uavwe Workshast

Qusues 1n t=1=]
Worst Lanes BT TH LT
Lame grouap, LG

Init quave, ObL

=L
Ln capacity, oL
Flow ratio, yL
vi/o ratio, XL

Effact graan, g
Gro ratio, g#c
Opstr filtar, I
GZro arrivals, F
Flatn ratio, Ep
Frog factr, FF2
cusne (l=t),. gl
Cuene factr, kB
Cuasus (2mdi, Q2
Avg quase, O

0% factor, £B
80% quava, op
Avg spacing, Lh
Avail storg, La
Avg distanca
Avg ratio, RD
0% distanca
0% ratio, RQp

0326408
21:30: 34
HE EE
ET TH LT RT TH 1T
ET+TH+1T FT+TH
1] 0
147 972
1678 1714
311 1247
.hag 5E7
A72 175
15.4 &0, 4
L1868 128
1.00 1.00
.1% .54
1.00 .75
1.00 1.26
3.0 17.7
.48 1.26
.4 4.0
3.4 21.7
1.75 1.51
&.0 3.7
25.3 25.2
1] 0
a7 547
.00 Lon
152 424
.00 Lon
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WOLERH COSEDH THEEIS 03426708
INT 110% - SARAYEOEHD - FH FEAE 21:30: 34
EII=STIHG

SIGHALZO000/ TEAFAC [Var 2.60.07] - Capacity Analysis Summary

Intsrsaction Avarages for Imc £ 109 -
Dagras of Saturation (wfc) 0.63 Vehicla Delay 14. & Lewal of Ssrvies B+

8q 11 | Fhass 1 | Fhasa 2 |
l"llr'il' ______________________
| | |

: | | |
El L | 4|
| | | |

| | | |
Horth | b | I
I + 4 | I

| + + 1 v |

| G#o=0.1%3 | g/c=0.72% |

| &= 16.0" | @= &0.0" |

| THR= 3.0" | T+R= 4.0" |

| OFF= 0.0% | OFF=22.59% |

| Lams |Widehy | gic | Services Rats | .h.d.] | | HCH | L | Cueus |
| Group | Lanas| Regd Osad | @C (vph) #E |Voluma| wic | Delay | 2 |Model 1]
HE Approach 3.9 «

WE Approach .8 &
I TH | 2272 0323 10.728 | 2424 | 2451 | 855 |0.385 | T8 1 A ME £r)
EE hpproach 15.1 E

|IRT+TH | 2042 0,551 |0.728 | 23d1 | 2370 | 1847 (0.77% | 15.1 | B | 824 fr|
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FOLERH COSFEUH THEEIE
INT 1102 - AHIREAPI-A
EIISTIHG

03/26/ 08

- AH FEAE 21:50;00

SIGHALZ000/TEAPARC [Var 2.£60.07] - BCM Input Workshaat
Intarsaction § 102 - Arsa Location Typa: HOHCED
| | | 11 | Eay: VOLMES — =
| 44 | 3IEE | ool | | WILTHS
| 0.0 ] 21.3 | 0.a qq | v LAHES
| 0 2 | ol —
| | | 11 % o a.o0 0 )
---------- — ! | % —_— P
- 0 a.0 0 |
EEESEESESSSEEEIESIEITIIEIET ) e o e I
a a.a 0 g + £ 0 a.0 0 Horth
- - - TR R R RN RN NN NN I
(1] o0 0 -
_— = = % | f ———————————
0 a.0 0 oy I | | |
- - - 11 242 | o o P]:I.in!:i.]:lg‘ SEQEHCTE 71
| 11 13.1 | @0 Q.0 FEFMSY HH H H
| I 1] a o OFVERLF Y ¥ T ¥
| |1 | | | LEADLAG Lz LD
2E WE HE EB
ET TH LT RT TH LT RT TH LT RT TH LT
Bazwvy wah, SHV 2.3 5.5 .0 .0 .0 .a .0 .0 .2 .0 . .0
Fk-hr fact, FHF ] 93 .93 90 %0 %0 .84 84 M4 90 %0 .50
Fratimed or Act F F F F F F F F F F F F
gtrtup lost, 11 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
Ext «ff grn, @ 2.7 2.7 2.7 2.0 2.0 2.0 2.0 2.0 1.7 2.0 2.0 2.0
Arrival typ, AT 2 2 2 3 3 3 3 3 3 3 3 3
Pad wal, wpad a 0 a 0
Bika wol, whic ] i) 1] ]
Farking locatns H B Ho B’
Fark mrwrrs, Ho 0 0 a ]
Bus stops, HE 0 0 a ]
crads. =3 .0 .0 . .
2q "1 | Fhass 1 | Fhase 2 | Fhasse 2 | Fhase 4 | Fhasa 5 | Fhasa & |
Lizf**® —— _ e e e e e e e e e o e e e e e e e e e e e e e e e e —_ —_ —_ —_
| | + + | | | | |
. | | + + | | | | |
Sl | |+ + | | | | |
| | | L | | | | |
| | | | | | | |
Haorth | <4 | | | | | |
| | + | | | | | |
| + | | | | | |
o= 7T o= 25.0" | 3= 45.0" | g= o.on | g= o.or | g= a.am | g= n.ar |
| T+R= 3.0" | T™+R= 4.0" | T™4R= 0.0" | ¥E= 0.0" | ¥+E= 0.0" | o.an
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WOLFAH COSFUH THESIZ
IMT 1102 - RHIFEAFI-A - AH FEAE
EIIETIHG

03726708
21:50:00

SIGALZ000/TEAFAC [Var 2.60.07] - BCH Volums Adjust & Satflow Workshasst

Vo lums b1 ] WE
hdjultﬂﬂ-nt ET TH LT RT TH LT
Volums, W 44 3EE ] 0 0 0
Fk-hr fact, PHF .93 .83 .93 oo o0 .00
Rdj v flow, wp 47 39 ] 0 0 0
Lana group, LG ET+TH

rdj Lz flow, w 441

Frop LT, FLT 000

Frop RT, FRT .17

Saturation ZE WE
Flow Rata ET TH LT kT TH LT
EBasa satflo, so 1851

Fupksr lanas, H 2

Larme width, £wW LG5S
HBaavy wah, BV 51
Grada, fg 1. 000
Parking, fp 1.000
BEus block,. fkb 1. 000
Araz type, fa 1.000
Lama util, fLO 950
Laft-turn, fLT 1.000
Right-turn, fRT .5ed
Padeika LT, fLpb 1. 000
Padeika BT, fRphb 1. 000
Loczl adjustort 1.000
Adj satflow, s 3211

KT

SIGRALZ000/TEAFAC [Var 2.60.07] - BCW Capacity and LoE Workshaat

Capacity ZE WE
h.n.il'_lll'l:i.ﬂ ET TH LT kT TH LT
Larns group, LG FT+TH

Adj Flow, w 41

Satflow. = 3211

Lost time, tL 3.8

Effact graan, g 45. 4

Zrn ratis, gic 590

LZ capacity, o 1883

v/o ratio, X L2333

Flow ratioc, w/'= 137

crit lame group

Sun orit w/s To 0. 000 Total lost, L
crit wiao, Mo Lol

TH LT
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VOLEARH COZFOH THEZIZ
IMT 1102 - RHIEFAFI-A - AH FEAE
EIISTIHG

SIGHALZO00/TEAPAC [Var 2.60.07] - HCM Capacity and LOS Workshaat

Dalay SE
and LoE BT TH LT
Lane group, LG RT+TH
Adj Flow, v 441
LZ capacity, o 1853
vio ratio, X 233
Grn ratio, gfc 580
Onif delay, di 7.5
Imor calik, k 50
Incr dalay, d2 .3
Quane Delay, d3 .0
Onif dalay, die .0
Frog factor, FF 1.38
comtrl dalay, d 10. &
Lame group LOE E+
Fimal Cusus, gbi 1]
Appr delay, da 10. &
Approach L8 E+
mppr flow, d41
Intar saction O Ly 16.2

0328608
21:50:00
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VOLEAH COEFOH THEEZIS 03/28408
IHMT 1102 - RHIFKAFI-A - AH FERE 21:50:00
EIIETIHG

SIGALZO0O0/TERPAC [Var 2.60.07] - HCHM Back of (uave Workshast

CuauEs in b1 ] WE HE EE
Worst Lanms RT TH LT RT TH LT ET TH LT kT TH LT
Lame group, L& ET+TH LT
Init quauva,. CbL a a
Ln flow., vL 232 255
Ln zatflow, =L 1E80 1842
Ln capacity, oL 996 585
Flow ratio, yL 137 L1E0
via ratio, XL 233 504
Effact graan, g 45. 4 24 .4
Zrn ratio, g/ c L5580 L3117
opstr filtar, I 1.00 1.00
Zrrn arrivals. F .39 I
Flatn ratio, Rp LE7 1.00
Frog fackr, PEZ 1.40 1.00
uesne (lstli,. Q1 3.3 5.1
cusue fzotr, kB 1.02 .70
Cusne (2rdi, 02 .3 7
Avg quava, Q 3.E L.g2
0% factor, fEB 1.74 1.6
80% gquaus, Op 6.3 8.7
Avg spacing, Lh 25.8 25.1
Avzil storg, La 0 u}
Avg distanca 93 147
Avg ratio, RQ .ag il
S0% distznos 163 243

0% ratio, RQp .ag il
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VOLERH COSFOH THESIE

THT 1102 - RHIRFAFI-h — AH FEAE

EIISTIHG

SIGARLZOO0/TEAPRC [Var 2.60.07] - Capacity Analysis Sumary

Intarsaction Avarages for Imk £ 102 -

0328708
21:50:00

agras of Saturation (w/o) 0.34 wvehicle Delay 16.2 Iewvael of Sarvice B
8 71 | Fhasa 1 | Phasa 2 | Fhasa I |
II|:'l|'ill — S — e . . . e . . . < . < =
| | + + | |
a | | + + | |
s |=+ + | |
| | | L | |
| | | | |
Horth | L 1 | |
| | + | | |
| + | | |
| Gfo=0, 325 | gso=0.524 | g/o=0.000 |
| = 25.0" | g= 45.0" | &= a.ar
| T+R= 3.0" | T+R= 4.0" | T+E= 0.0" |
| 6FF= 0.0% | oFF=36.4% | OoFF= 0.0 |
2= 77 sac = 700 s = 30.9% T= 7.0 mac= 5.1% Pad 0.0 mpc = 0.0%
| Lans |Widths | L= | Service Rate | .l|.-:|.:| | | HCH | L | Qs |
| Group | Lanes| BRagd Osad | 2 {vphl 4B |Volums| wio | Delay | 2 |Modsl 1)
88 Approach 10.& B+
|ET+TH | 2142 |0.1%38 (0.5%0 | 1831 | 14%3 | 441 |0.233 | 10. & | B+] 163 fr|
HE Approach 24.5 o+
| LT | 1341 |0, 238 |0.317 | 448 | S85 | 255 0

504 1 24.5 | o+ 243 fr|




109

VOLFEARH COEFOH THESIZS
IMT 1102 - RHIFEAFI-A - FH

CEFTIMIH

SIEAALZ000/ TERFRC [Var 2 .&0.

Intarsaction £ 102 -

| |
| 45 | 1410
| 0.0 21.3
I 1| 2
| |
---------- - / I
o o.oo0
o 0o 0 —
I v VI |
- - [
| I
| [
| I
=12
ERT TH
Haavy wah, SHY N -
Fk-hr fzot, PHF .88 .28
Fratimed or Act F F
gtrtup lost, 11 2.3 2.3
Ext «ff grn, = 2.7 2.7
Arrival typ. AT 2 2
Fad wal, wvpad a
Bika wol, whic i}
Farking locatns H
Fark mowrs, Ho Q
Bus stops, HE i}
Crada, aG .o
8q "1 | Fhasa 1 | Fhasa
II|="|'lii- __________________
| | + +
; | | + +
Sl <+ +
| | | v
I | |
Horth | <+ |
I | + |
| + |
c= 71" = 1&.0" | o= 48,
| T™+R= 3.0" | T™+E= 4

0326708
FERE 22:02:1%
07] - HCM Imput Workshaot
Arsa Location Typs: WOHCED
I Il | Fay: WVOLIMES -— »
I L I | WIDTHE
| 0.0 ] I v LAHES
| ool — =———
| Il % o a.0 0 .
% —_— —— F
- 0 a.0 0 |
— —— |
+ § o a.0 0 Haorth
= I
% | f —=———————————
| | | |
| 115 | 0 o P]:L:ﬂij:lg‘ SECTEHCE 71
] 13.1 | 9.0 0.0 FEFMTY HH H H
| 1] 0 0 OVERLF ¥ ¥ T ¥
| | | | LEADLAGZ LEZ LD
WE HE EEBE
LT RT TH LT ET TH LT RT TH LT
.0 .0 .0 .0 .0 I R .0 .0 .0
.ag B0 %0 %0 =5 IS = 5 N 5 | 90 %0 %0
F F F F F F F P F F
2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
2.7 2.0 2.0 2.0 2.0 2.0 1.7 2.0 2.0 2.0
2 3 3 3 3 3 3 3 3 3
] 0 0
i i) 0
H Hi H
i) (1] 0
i i) 0
.0 .0 .0
2 | Fhasa 3 | Fhass 4 | Fhasa § | Fhazs & |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
ar | g= a.0m | g= a.om | g= 0.0 | 2= 0.ar |
O TR= 0.0" | ¥HR= 0.0" | ™ER= 0.0" | ¥+R= 0.0" |
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VOLERH COEEDH THEEIE
AT 1102 - AHIREAFPI-A - FH
CFTIMIH

FERE

0326708
22:02:19%

SIGRALZO00/TERFRC [Var 2.60.07] - ACM Voluma Adjust & Satflow Workshset

Vo lums ZE
hdjultﬂﬂ-nt ET TH LT
Volums, W 45 1410 ]
Fk-hxr fact. FHF 0 -1" I =1 B
Adj v flow, vp 51 1602 0
Lana group,. LG ET+TH
Adj Lz flow, v 1653
Frop LT, FLT 1 [a]]
Frop RT. FRT 031
Saturation ZB
Flow Rats BT TH LT
Baza satflo, =o 1881

Fhaobar lanes, H 2

Lane width, £w .95
Haavy wah, 7 80
crada, fg 1.000
Parking, fp 1.000
Eus bklock, fbb 1. 000
Araz typa, fa 1. 000
Larma util, fLO L9500
Laft-turn, fLT 1.000
Right-turn, f£RT . 355
Fadeika LT, fLpb 1.000
Fadeiks ET, fRphb 1. 000
Loczl adimstont 1. 000
Adj satflow, = 3347

WE
RT TH LT
0 0 0
oo .00 .00
0 o 0
WE
RT TH LT

SIGHALZO00/TEAPRC [Var 2.60.07] - HCM Capaeoity and Log Workshast

Capaoity ZE
Anzlysis BT TH

Lana group,. LG FET+TH
kdj Flow, v 1653
Batflow, = 3347
Lozt tioe, tL 3.8
Effact greamn, g 42.4
Gro ratie, gfc JEBE2
LE capacity, o 2282
v/o ratio, X 724
Flow ratioc, wis 454
crit lams group

2up crit w/s. To 0. 000
crit wia, Xo L0aa

a ] 0

00 .00 .00

0 0 o
EEBE
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VOLERH COSEDH THEEIZ
INT 1102 - AHIFEAPI-A — FH FEAE
CFTIMIH

SIGHALZO00/ TEAFRC [Var 2.60.07] - HCM Capacity and LOS Workshaat

Dalay 2E WE HE

and Los BT TH LT RT TH LT ET TH LT
Lar group. LG FI+TH LT
Adj Flow, w 1653 142
LE capacity, o 2282 354
vio ratioc, X .14 L&D
Grn ratio, gfc .E82 .217
Onif delay, di 7.1 23.8
Iner calik, k .50 .50
Incr delay, d2 2.0 2.6
ueue Delay, d3 .0 .0
Onif delay, di+ .0 .a
Frog factor, FF 1.59% 1.00
Contrl dalay. 4 13.4 26.2
Lane group LOE E+ C+
Finzl Cusus, Cbi a a
Appr delay, da 13.4 26. 2
Approach LO8 E+ C+
Appr flow, Wi 1653 142
Intarsaction Do Ly 14.4 1LoB E+

0326708
22:02:1%
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VOLKERH COEFOH THESIS D3 26708
INT 1102 - KRHAIFFAFI-A — FH FEAE 22:02:1%9
CETIMIH

SIFHALZOO0/TEAFAC [Var 2.£0.07] - BCH Back of Quauwe Workshaat

Cuauas in ZE WE HE EBE
Worst Lanas BT TH LT ET TH LT ET TH LT RT TH LT
Labs group, LG RT+TH LT

Init quaus, CbL a a

Lo flow, L g 142

Lo matflow, sL 1782 1815

Ln capacity, oL 1201 354

Flow ratio, yL 454 Lora2

v/o ratio, XL .T24 L3360

Effact gresn, g 48.4 15.4

Grn ratio, gfc g8z .217

Opstr filtar, I 1.00 1.00

Grmn arrivals, F A5 22

Flatn ratio, Ep LE7 1.00

Prog factr, FE2 1.25% 1.00

Cuaus (lst), Q1 14.0 2.4

Cuesne factr, kE 1.10 .50

Cueus (2rdi . Q2 2.7 .3

Avg quava, 0 1£.7 2.7

S0% factor, fE 1.52 1.7%

S0% gquaue, Op 25.3 i.2

Avg spacing, Lh 25. 3 25.4

Avail storg, La 8] o

Avg distanca 422 1]

Avg ratio, RQ .aa 1]

S0% distanoa &40 121

0% ratio, ROp .aa .00
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03726008
22:02:1%9

VWOLERH COZFOH THEZ2IZ2

THT 1102 - RATREAPI-A - FH FEAE

CFTIMOH

SIGHAL2000/TERPAC [Var 2.60.07] - Capacity Analysis Sumnary

Intarssction Avarages for Imkt £ 102 -

Dagras of Baturationm (wfzy 0.70 Vehiclas Delay 14.4 Lewal of Sarvica B+
8q 71 | FPhasa 1 | Phase 2 | Fhasa 3 |
i I i
I I+ + | |
: I I+ + | |
fly <+ + | |
| I I v | |
| I | | |
Horth | <+ | | |
| I + | | |
I + | | |
| @fo=0.225 | gfo=0.&7& | Gfo=0.000 |
| &= 1£.0° | = 48.0" | &= a.o"
| T+R= 3.0" | T+B=4.0" | T+R= 0.0" |
| oFF= 0.0% | OFF=2&.8% | OFF= 0.0% |
c= 7l sac Gz 4.0 o = 50.15% T= 7.0 o= 9.5 Pad 0.0 sac = 0.0%
| Lams |widehy | gqfc | Barvice Rata | Adj | | HEH | L | gwaas |
| Group | Lanas| BRagd Osad | @C (vph) JE |Voluma| wie | Delay | 2 |Modal 1]
2B hpproach 13.4 B+
IRT+TH | 2172 |0. 514 0. &82 | 22&6 | Z282 | 1853 |0.724 | 13.4 | B+ &40 fr|
HE Approach 26.2 C+
| LT | 131 | 0.214% 0217 | 271 | 354 | 142 (0.360 | 2&.2 | C+4] 121 fr|
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WOLERH COEFOH THEEI=

IMT 1102 - RHIREAFI-A - FH FEAE

EIISTIHG

SIEALZ000/ TEAFRC [Va

Intarsscktion £ 102 -

| |
| 45 | 1410 |
| @.0 ] 21.3 |
| 0| 21
| | |
---------- — f |
o o0 0 y
o o0 0 -
o oo 0o oy 11
----- = 11
| 11
| 11
| 11
2E
BT TH
Baavy wah, aHV 0 2.1
Fk-hr fact, FHF .eag .28
Fratined or Aot F F
gtrtup lost, 11 2.3 2.3 2
Ext «ff grn, & 2.7 2.7 2
Arrival typ. AT 2 2
Fad wol, wpad Q
Biks wol, vhkic a
Farking locatns HO
Fark mowrs, Ho a
Bus stops, HE a
Grads, w3 .0
8q 71 | Fhasa 1 | Fhasa 2
LiZ 4 e
| | + +
N | | + +
Sy |+ +
| | | v
| | |
Horth | 4 |
| | + |
| + |
c= 82U g= 20.0" | &= E5.0"
| ™k= Z.0" | T™+R= 4.0"

r 2.60.

07] - BCW Input Workshast

0326708
21:59:1&

Arsa Location Typs: HOHCED

| | Eay: WVOLMES —— =
(I | | | WILTH=
| | L LAHEE
ol ————————————
11 % o Q.0 0 .
! —— Fls
- o 0.0 0 |
—— |
+ § o 0.0 0 Horth
- I
! | f ———
| | |
115 | o o P]:L:uling' EEQIEHTE 71
13.1 | 0.0 a0 FEFM=Y HH H H
1 | o o OFERELF Y ¥ T ¥
| | | LEADLAGZ LT LD
WE HE EB
LT RT TH LT RT TH LT RT TH LT
] .0 .0 .a .0 .o 2.8 .0 .0 .0
2 .90 20 .50 =5 A" I | .90 %0 .50
F F F F F F F F F F
3 2.3 2.3 2% 2.3 2.3 2.3 2.3 2.3 2.3
720 20 2.0 20 2.0 1.7 2.0 2.0 2.0
2 3 3 3 3 3 3 3 3 3
i) (1] 0
] 0 0
B Hi W
i) i) 0
] 0 0
.0 .0 .0
| Fhasas 3 | Fhaesas 4 | Fhasa & | Fhazs & |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| &= g.or | &= a.ar | &= o0 ] a= 0.am |
| ™E= 0.0" | Y+EB= 0.0" | YE= 0.0" | ¥+E= 0.0" |
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VOLEAH COSEDH THESIZ
INT 1102 - AAIFEAFI-h
EILISTIHG

= FH FEARE

SIFALZO00,/ TEAFAC [Var

Volums ZE
hdjultmnt BT TH LT
Volums, W 45 1410 ]
Fk-hr fact, FHF .gg .28 28
hdj v flow, wp 51 1802 0
Lane group, LG ET+TH
kmdj Lz flow, v 1653
Frop LT, FLT .0aa
Frop RT. FRT 31
Saturation ZE
Flow Rata ET TH LT
Basas satflo, =o 1851

Fupbsr lanas, H 2

Lana width, fW .55
Bazvy wah, AV 820
Grads, fg 1. 000
Farking, fp 1. 000
Eus block, fhb 1,000
Araaz typs, fa 1.000
Lama wtil, fLO . %50
Laft-turn, fLT 1.000
Right-turn, £RT B85
Fadeika LT, fLpb 1.000
FadEiks ET, fRpb 1.000
Local adjustent 1. 000
hdj satflow, = kL

WE
RT TH LT
0 0 1]
a0 .00 .00
0 0 o
WE
KT TH LT

SIGHALZ000/TERFRC [Var 2.60.07] - HCM Capacity and LoE2 Workshaat

Capaaity 2B
Arnzlysis ET TH LT
Lane group, LG ET+TH
hdj Flow, w 1653
Satflow, = 3347
Lost tima, tL 36
Effect gresn, g £5. 4
Gro ratio, g/c .71
LE capacity, < 2378
v/o ratio, X 95
Flow ratio, w/'= 4534
crit lane group

Bum crit w/s, To 0. 000
crit weo, e . 0ag

03726708
21:5%:1&

2.60.07] - HCM Volumas Adjust & Satflow Workshasst

EEBE
RT TH LT
a 0 0
0o .00 00
0 0 0
EEBE
KT TH LT
EBE
RT TH LT
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WOLERH COSEDH THESIE
IMT 1102 - AHIREAFI-A - FH FEAE
EIISTIHG

SIGHALZO000/ TEAFAC [Var 2.60.07] - HCM Capacity and Log Workshaeat

Dalay 2E WE HE
and Log RT TH LT RT TH LT KT TH LT
Lane group, LG ERT+TH LT
hdj Flow, w 1653 142
LZ capacity, o 2378 3e3
vio ratio, X LE95 371
Grn ratio, g/cC 711 L2111
Ooif delay, 41 16 31.1
Incr calib, k 50 50
Imor delay, d2 1.7 2.7
fuane Dalay, 43 .0 0
Opif delay, di+ .0 0
Frog factor, FF 1.65% 1.00
Ccontrl dalay, d 14. & iy.e
Lane group LOE E+ c
Final Cuasus, Cbi 0 0
hppr dalay,. di 14. & 33.a
hpproach Log E+ c
hppr flow, wh 1653 142
Intar saction Dw Ly 16.1 Lo8 E

03726408
21:5%:1&
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WOLERH COSFOH THESIZS

INT 1102 - AAIREAFI-A - FH FEAE
EIISTIHG

SIGHALZO0O0/TEAFAC [Var 2.60.07] - BCHM Back of Quauwe Workshaet

Cusuas in ZE WE HE

Worst Lamss ET TH LT ET TH LT RT TH LT
Lare group. LG FIT+TH LT
Init quauva, CbL a a
Ln flow. vL 7o 142
Ln satflow, sL 1762 1815
Ln capacity, oL 1252 383
Flow ratio, yL .45 072
wio ratio, ML LESS .37
Effact graan., g 5. 4 19.4
Grn ratio, gfc .7T11 211
Opstr filtar, I 1.00 1.00
Grn arrivals, F 47 L2l
Flatn ratio, ERp LE7 1.00
Frog factr, FF2 1.37 1.00
fueus (lst), 01 17.4 3.1
tuaua facktr, kE 1.3& 59
ouaus (2rddl, Q2 2.9 .3
Avg quava, Q 20.4 3.5
S0% factor, fE 1.51 1.75
208 gquaue,. op .7 £.0
Awvg spacing, Lh 25. 3 25 .4
Avail stopg, La a a
Avg distanca 515 gg
Awvg ratio, RQ .00 .00
S0% distanocae LK 153
0% ratio, ROp i) an

03726/08
21:5%:1&
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VOLERH COSFOH THESIS 03/26/08
IAT 1102 - MRHIFEAFI-A — FH FERE 21:58:1&
EIISTIHG

SIGHALZO00/TEAFRC [Var 2.60.07] - Capacity hnalysis Summary

Intarssction Averages for Imt § 102 -
Degres of Saturation (vfoy 0.67 WVahicls Delay 16.1 Ieval of Barvice E

8q 71 | Fhasa 1 | Fhass 2 | Fhasa 3 |
II|="|'-ii- [ B R EEEE—————————
| | + + | |

a | | + + | |

E |+ + | |

| | | L | |

| | | | |
Horth | <4 | | |
| | + | | |

| + | | |

| @fo=0, 217 | Gfc=0.707 | gfo=0, 000 |

| &= 20,07 | &= &5.0" | &= a.om

| T+R= Z.0" | T+R= 4.0" | T#R= 0.0" |

| oFF= 0.0% | OFF=25.0% | oFF= O0.0% |

o= 52 sao = A5 0 o =92, 4% T= 7.0 zsc= 7.6% Pad 0.0 sac = 0.0%

| Lana |Widthy | g/sc | Zsrvices Babs | Adj | | HCH

| L | Cwaus |
| Group | Lanas| Ragd Osad | @2 (vphi 4B |Volums| w/c | Delay | 2 |Modsl 1]
2B Approach 14.& E+
|ET+TH | 2172 |0.534 |0.711 | 2324 | 2379 | 1&£53 |0.69%5 | 14.& | B4 777 fr|
HE Approach 3ii.e ¢
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WOLEARH COEFDH THEEIZS
IMT 1102 - AHIFEAPI-E — AH FEAE
EIISTIHG

03726/08
22:17:15

SICHALZO00/TEAFAC [Var 2.60.07] - BCM Input Workshoat

Irtarsscticon £ 102 -

Araa Loocation Typs: HOHCED

| | | 11 | Eay: VOLIMES — =
| a 367 | a1 | | WILTH=
| 0.0 ] 197 | 0.4 |1 | L LAHEZ=
| 0 Z a1 ====================
| | | 11 % o a.o 0 ;
—————————— == ! | % =================== SN
- i a.o 0 |
EEIDIDIDImDITDIDITIDIUIUIIITUIIIIE m———————— I
21 a.0 0 g + d i a.o 0 Horth
——————————————— — T+ I
o0 14.7 1 —
——————————————— == % | ! =============
57 .0 0oy 11 | | |
————————————————— 11 0] 1542 | 0 P]:I.:E:i.]:lg‘ SECOEHCE 11
| 11 0.0 | 21.1 | a.0 FEFMSY HHH H
| 11 o 21 o OVERLF ¥ ¥ T ¥
| 11 | | | LEADLAG L& LD
2E WE HE EBE
RT TH LT RT TH LT RT TH LT RT TH LT
Baavy wah, SHV .0 5.4 .0 .0 .0 .0 .0 1.8 0 14.0 .0 .0
Fk-hr fact, FHE 90 90 .90 90 .90 .50 .98 95 .96 .88 .ap .24
Fratimed or Aot 4 P I3 I3 F F 4 4 P P I3 F
gertup lost, 11 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
Ext «ff gIn,. & 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Rrrival typ. AT 2 2 2 3 3 3 2 2 2 3 3 3
Fad wal, wpad W] i 1] 0
Biks wol, whic i) i i) 0
Farking locatns B Ho HO Ho
Fark mrvrrs, Ho a ] o ]
Bus stops, HE u} 0 u} ]
Grada, aC .0 .0 L0 -1.4
8311 | Fhasa 1 | FPhass 2 | Fhass 3 | Fhasa 4 | FPhasa 5 | Fhasa & |
I.|:_'|"Il' ______________________________________________________________
| + | | | | | |
. | + | | | | | |
Sy + | | | | | |
| | v | * | | | | |
| | * | ++++ | | | | |
Horth | + | | | | | |
| | + | ++++ | | | | |
| + | v | | | | |
= T = 5900 ) e= 12007 | &= .00 | &= a.0" | &= 0.0" | &= 0.a" |
| T+R= Z.0" | TR= 3.0" | T™ER= 0.0" | ™WR= 0.0" | ¥E= 0.0" | ¥+R= 0.0" |




120

WOLERH COEFDH THESI= 03/26/08
IMT 1102 - AHIREAFI-E - AH FEAE 22:17:15
EIIETIHG

SIGHALZ000,/TERPAC [Var 2 .&60.07] - BCMW Volums Adjust & Satflow Workshest

Wolums 2B WE HE EE

hd :|1.|. stoa it BT TH LT RT TH LT RT TH LT RT TH LT
Volums, W o 3&7 ] ] 0 0 0 1542 a 57 ] 21
Fk-hr fact, FHF LB 80 50 Lo o0 00 LBE L BE L G8E Leg L ap 2
Adj v flow, wp 0 408 ] ] 0 0 0 1&0& a &5 ] o2
Lams group. LG TH TH RT+TH+LT
hdj L flow, w 402 1E0& 157

Frop LT, FLT Lo [ Lo [} . SAE

Frop RT, FRT i1 i i L [} .d414
Saturatian 2B WE HE EE

Flow Rata RT TH LT RT TH LT RT TH LT RT TH LT
Bazs satflo, =o 1861 189 1851
Bunbar lanas, H z2 2 1

Lame width, £w L 8ze L8952 1.0%0
Baavy wah, f£HF W .92z . 545
crada, fq 1. 000 1. 000 1.007
Farking, fp 1. 000 1. 000 1. 000

Eus block, fbb 1. 000 1. 000 1. 000

Araaz typa, fa 1.000 1. 000 1. 000

Larme util, fLOo . 950 . 950 1. 000
Laft-turn. fLT 1. 000 1. 000 oz
Fight-turn, fRT 1. 000 1. 000 .5d4
Padeika LT, fLpb 1. 000 1. 000 1. 000
Fadeika ET, fRpb 1. 000 1. 000 1. 000
Looczl adjustont 1. 000 1. 000 1. 000

Adj satflow, = ES 3359 17589
SIGHALZO00/ TERPAC [Var 2 .60.07] - HCM Capacity and LOoS Workshaat

Capacity 2B WE HE EBE
Jl.n.il'_lll'l im RT TH LT RT TH LT ET TH LT RT TH LT
Lama group, LG TH TH ET+TH+LT
Adj Flow, w 402 1E0& 157
Satflow, = 31EE 3359 1759

Lozt tios,. tL 3.& 3. & 3.6
Effact graan. q 58.4 58.4 11.4

Grn ratie, gfcC .52 .52 .14%

LZ capacity, o 2400 2547 266

wio ratio, X L1710 B3 L5580

Flow ratioc, wis A2 .47e .oaw

crit lama group W #

Sun crit wis. To 0.5&5 Total lost, L 7.2

crit wia, Mo 624
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WOLERH COSFOH THEZ2IS

INT 1102 - RHIEFAFI-E - AH FEAE

EIIETIHG

SIGHALZOO0/TEAPAC [Var 2.60.07] - HCW Capacity and LOS Worksheat

Lane group, LG
Adj Flow, w

LE capacity, o
wia ratio, X
Grn ratio, g#c
mnif delay, di
Imar calik, k
Incr delay, d2
Duana Delay, d3
Onif delay, di+
Frog factor, FF
conmtrl dalay, d
Lane group LOE
Final Queus, ghi

hppr dalay, da
hpproach Lo8
hppr flow, v

03/26/08
22:17:15

RT+TH+LT
157
2&6

. 580
.148
I0.&
B0
9.3
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WOLERH COEFDH THEZIZ
THT 1102 - RATEEAFI-E — AH FEAE

EIISTING

SIGHALZO0O0/TERPRC [Far 2.60.07] - BCHM Back of Quaus Workshaet

Cusues in
Worst Lanws

Ln smatflow, sk
Ln capacity, oL
Flow ratio, yL
vi/o ratioc, ML

Effact graan, g
Zrn ratio, gfc
opstr filtar, I
Zrm arrivals, F
Flatn ratio, Ep
Frog factr, FF2
cuaus (lst),. g1
tuans factr, ke
cuasus (2rndi, 92
Avg quauae, o

S0% factor, fE
S0% quauve, Op
Avg spacing, Lh
Avail stong, La
Avyg distanca
Avg ratio, RQ
S0% distance
0% ratio, RQp

03/28/08
22:17:15

ET+TH+LT

0
157
1759
2688
Loar
. 550
11.4
.148
1. 00
.15
1.00
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WOLEARH COSEDH THEEI=S 0%/26/08
IMT 1102 - AHIEEAFI-E - AH FEAE 22:17:15
EIISTIHG

SIGHALZO00/TEAFAC [Var 2. .80.07] - Capacity Analysis Sumary

Intarssction Avaerages for Imt £ 102 -
Dagras of Saturstiom (wio) 0.54 vehicles Delay 10.8 Leval of Sarvica B+

g8g 11 | Fha=a 1 | FPhasa 2 |
Il|=_'|'lill ______________________
|+ | |

. | + | |
LT | + | |

| | v | - |

| | - | ++++ |
Horth | + | |
| | + | ++++ |

| + | L |

| Gfo=0.7&8& | a/c=0.158& |

| = §%.0" | g= 12.0" |

| ™+k= 3.0" | =™R= 3.0" |

| oFF= 0.0% | oFF=80.5% |

| Lans | Widthy | g/fc | Bsrvics Babta | .h.-:l] | | HCH | L | Quaus |
| Group | Lanes| Ragd Osad | @C (vph) 4E |Volums| wic | Delay | 8 |Model 1]
28 Approach 51 &
| TH | 2072 |0.1%1 (0.758 | 23%1 | 2400 | 402 (0.1270 | 5.1 | A | 126 £r|
HE Rpproach 8.4 &
| TH | 2142 0. 505 (0.758 | 2543 | 2547 | 1&0& (0.831 | 3.4 | & | 572 fr)|
EE Approach 38.% D+

|ETH+TH+LT| 1541 |0.170 |0.14% | 11& | 258 | 157 |0.550 | 3% 9 | D+ 16& fr|
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VOLEAH COZFOH THEEIS

INT 1102 - RHIEEAFI-E - FH FEAE

OF TIMIH

SIGHALZO00/ TEAFAC [Var

Irtarssction £ 102 -

03726/08
22:25:1&

2.60.07] - HCH Input Workshaat

Araa Location Typs: HOHCED

| | | 11 | By VOLIMES ——
| 0 | 140% | gl | | WILDTH=
| 0.0 ] 197 | n.a g | w LAHEE
| 0 2 | 0 ====================
| | | 11 % o 0.0 0 ;
---------- —= ! | Y _————————————— F Y
- o 0.0 0 |
====s==============>= = ——m—m————————————— |
21 a0 0 + ¢ o 0.0 0 Horth
——————————————— —_— ====s=s===s==s===== |
0 4.7 1 —
--------------- == % | f —————————
1£2 a0 0 11 | | |
————————————————— 11 (LI S0E | o :E']:I.:lﬂ:i.l:lg' SEEHCE 11
| 11 0.0 ] 21.1 | a.o FEFMEY¥ H H H H
| 11 (LI 21 o OFEELF YT ¥ T ¥
| 11 | | | LEALDLAG LT LD
=1 =] WE HE EB
BT TH LT RT TH LT ET TH LT kT TH LT
Baavy wah, SHV 0 2.1 . .0 .0 il .0 1.8 .0 .0 .0 .0
Fk-hr fact, FHF .22 g2 a8 90 .90 .20 .93 .83 .53 .92 .62 o2
Fratimed or Rot F F F F F F F F F F F F
gtrtup lost, 11 2.3 2.3 2.3 2.3 2.% 2% 2.3 2.3 2.3 2.3 2.3 2.3
Ext aff gron, & 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
mArrival typ. AT 2 2 2 3 3 3 2 2 2 3 3 3
Fad wal, wpad W] i 1] 0
Biks wol, whic i) i ] 0
Farking locatns B Ho HO W
Fark mrorrs. Ho a ] 1] ]
Eus stops. HE a ] a 0
Grada, G .0 .0 .0 -1.4
87 11 | Fhasa 1 | Fhasa 2 | Fhass 3 | Fhassa 4 | Fhasa 5 | Fhasas & |
II|:_'|"Il' ______________________________________________________________
| + | | | | | |
. | + | | | | | |
Sy + | | | | | |
| | v | " | | | | |
| | - | ++++ | | | | |
Horth | + | | | | | |
| | + | ++++ | | | | |
| + | v | | | | |
= 71"| &= R2.0" | &= 13.0" | &= a.o" | &= g.o" | &= 0.0 | &= o.a= |
| ™Fk= 3.0" | ™E= 3.0" | ™E= 0.0" | SE= 0.0" | ™E= 0.0" | Y+&= 0.0" |
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VOLEARH COEFUH THESIZ
INT 1102 - RHIEKAFI-E - FH
CEFTIMTH

FERE

02726708
22:25:1&

SIGHALZO00/TEAFAC [Var 2.60.07] - BCMW Volums Adjust & Satflow Workshest

Vol urns 2B
hdjultﬂﬂ-nt BT TH LT
Volums, W 0 140% ]
Fk-hr fact. FHF .eg .8 pe
Adj mr flow, wp 0 1601 0
Lana group, LG TH
Adj Lz flow, v 101
Frop LT, FLT L00a
Frop RT. FRT 000
Sakuration 2B
Flow Raka BT TH LT
Baza satflo, =o 18591
Fupbar lanss, H 2
Lare width, £W L 9ze
Baavy wah, fHVY g
crada, fqg 1. 000
Farking, fp 1. 0ad
Eus klock. fkb 1. 000
Araaz typas, fa 1. 0040
Larme util, £I0 950
Laft-turn, fLT 1.000
Right-turn, f£RT 1. 000
Padeiks LT, fLpb 1. 000
Fadeika ET. fRphb 1. 000
Local adjustent 1. 000
adj satflow, = 3267

SIEALZO00/TERPAC [Var 2 .&0

Capacity 2B
Analysis ET TH LT
Lana group, L& TH
Adj Flow, w 1601
Satflow. = 32E7
Lozt timae, tL 3.8
Effact graan, g 51.4
Grn ratio, gfcC T2
LZ capacity, o 23ES
vio ratio, X N T
Flow ratio, w/s . 450
crit lama group #
Zum crit wis. Tao 0.632
Crit wieo, Ho L T04

WE
RT TH LT
0 0 0
S (R 1 O 1
0 o o
WE
ET TH LT

HE
RT TH LT
0 S0g 0
.53 .83 .83
o 4 a
TH
sy
000
000
HE
RT TH LT
189
2
CBEZ
5 |
1. 000
1. 000
1. 000
1. 000
. 950
1. 000
1. 000
1. 000
1. 000
1. 000
3355

HE
RT TH LT

TH
sy
3355
b
51.4
L
2429
.40
L2890
1.2

[ I O I =
Lo}
[ ]
=

RT+TH+LT
284
1858
3.6
12.4
175
324
815
.142
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VOLERH COSFOH THE2I=2
INT 1102 - AHIFEAPI-E - FH FEAE

CETIMOH

SIGHALZO00/ TEAFRC [Var 2.80.07] - HCM Capacity and LO2 Workshast

L capacity, o
wi/o ratio, X
Grn ratio, gfc
mnif dalay, di
Iricr calik, k
Imor delay, d2
fuane Delay, 43
Onif delay, di+
Frog factor, FF
cortrl dalay, d
Lana group LOE
Final Cueuas, Jhi
Appr dalay, da
hpproach Lo8
hppr flow, wih

03/2&6/08
22:25:1&

RET+TH+LT

2&d
324
.B15
175
28.2
B
15.8
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WOLERH COZFOH THESIE
IHT 1102 - RHIFEAFI-E — FH
CFTIMIH

FERE

SIGHALZO0O0/TEAFAC [Var 2.60.07] - BACH Back of Queuve Workshaat

CIauEsE 1 =4 =] WE HE
Worst Lanas BT TH LT RT TH LT ET TH LT
Larne group. LG TH TH
Init quaus, CbL u} u]
Ln flow. vL 843 513
Ln zatflow,. =L 1719 17EE
Ln capacity, oL 1245 1278
Flow ratioc, yL L4580 L2590
v/o ratic, ML 677 401
Effact graan, g 51.4 51.4
Grn ratio, g/c .724 T34
Opstr filtar, I 1.00 1.00
Gro arrivals, F 4g 42
Flatn ratio, Rp JE7 JE7
Frog factr, FF2 1.42 1.65
usus (l=k),. Q1 12.2 6.5
fusus Factr, kE 1.13 1.15
Doene (2ol . Q2 2.3 B
Avg quave, Q 15.4 1.2
90w factor, fE 1.52 1.62
808 gquaus, Op 22. 9 11.7
Awvg spacing, Lh 25. 3 25. 3
Avail storg, La i} 1]
Awvg distanca 3g1 1283
Avg ratio, RQ .o ya ]
90w distancas 580 2598

0% ratio, RQp .00 .00

O 2&/0&
22:25:1&

ET+TH+LT
0
2ed
1858
324
L142
L8185
12.4
L1758
1.00
.17
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WOLFERH COSKFOH THESIZ 03/26/08
INT 1102 - RAHIREAFI-E - FH FEAE 2212518
CETIMNTH

SIGAALZ000/ TERFAC [Var 2.60.07] - Capacity Analysis Summary

Intarsaction Averages for Iomc £ 102 -
Dagras of Saturation (wfz) 0.60 Vahicls Dalay 13.0 Lewal of Sarvics B+

8q 11 | Phasa 1 | Fhasa 2 |
II|=_'|'-il- ______________________
| + | |

. | + | |
Sl * | |
| | w | " |

| | S PSS |
Horth | + |
| | | |

| + | v |

| Gfc=0.732 | a@fc=0.183 |

| &= 52.0" | &= 13.0" |

| T+R= 3.0" | T+R= 30" |

| oFF= 0.0 | OFF=77.5% |

| Lans |wWidthy | = | Barvices Rabas | Rd3j | | HEH | L | Quesus |
| Group | Lanes| Ragd Osed | @c (vphl 4E |[Volume| wic | Delay | 8 |Modsl 1
28 Approach 10.8 E+

| T8 | 282 (0.511 [0.724 | 2380 | 2385 | 1801 |0.€TT | 10.8 | B+ 58O f£r|

HE Approach 7.1 &
| TH | 21/2 |0.328 |0.724 | 2427 | 2425 | 5M |0.401 | T.1 | R 2% fE|
EE Approach 2.0 D

IRT+TH4LT| 15/1 0.210 (0.175 | 1%5 | 324 | 264 |0.815 | 42.0 | D | 270 £r|
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WOLERH COSEDH THEESIS 0326708
INT 1102 - ARIREAFI-E — FH FEAE 22:22:4%
EII=STIHG
SIAALZ000/ TERFRC [Far 2 .60.07] - HCH Input Workshaat
Imtarsaction £ 102 - Araa Location Typas: HOHCED
[ | I 1 | Eay: VOLMES — =
| 0 | 1408 | a i | | WILTH=S
| 0.0 ] 19.7 | 0.0 | w LAHEE
| 0| 2 | ol e
| | | 11 % o 2.0 0
---------- - ¢ | % e FN
- o Q0.0 0 |
EEEEEESEImIININIININIIINIIIE m—————————" e " I
21 g0 0 + d o 0.0 0 Horth
_______________ - NN R RN R |
0 14.7 1 --
--------------- - % | fo ommmmm———————
162 a.o0 o oy |1 | | |
————————————————— |1 o 08 | o Phasing EEQUEHNCE 11
| I 1 0.0 | 21.1 | Q0.0 | FEFMEZY HH H H
| Il 0| 2] 0| OVERLF ¥ ¥ T ¥
| Il | | | LEADLAG LZ LD
=17 WE HE EB
ET TH LT T TH LT RT TH LT KT TH LT
Baavy wvah, sHV 0 2.1 N N .0 .0 0 1.9 .0 .a N .0
Fk-hr fackt. FHF B2 .88 .88 90 .50 .50 93 .83 .83 82 .82 g2
Pratimed or Act F F F E F F F F F F F F
gtrtup lost, 11 2.3 2.3 2.3 2.3 2% 2% 2.3 2.3 2.3 2.3 2.3 2.3
Ext aff grn, a 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Arrival typ. AT 2 2 2 3 3 3 2 2 2 3 3 3
Fad wvol, wpad a 0 o |
Bika wol, wvhic a 1] Q 0
Parking locatns Hi B HO T
Fark mwrs, Ho a i} (i} ]
Bus stops. HE a o Q 0
crada, &G a o .0 -1.4
2311 | Fhasa 1 | FPhase 2 | Fhasae 3 | FPhase 4 | Fhasa 5 | Fhasae & |
I e
| + | | | | | |
. | + | | | | | |
SN + | | | | | |
| | w | * | | | | |
| | - | ++++ | | | | |
Horth | + | I | I | I
| | + | ++++ | | | | |
| + | v | | | | |
c= 827 2= T0.0" | &= 1&.0" | 2= a.or ) &= a.o" | &= 0.0 | &= 0.0
| T+#R= J.0" | T+R= 3.0" | T+R= 0.0" | ¥R= 0.0" | ¥E= 0.0" | ¥4B= 0.0" |
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WOLERH COSEDH THEEIS

IHT 1102 -
EIIETIHG

MHIFEAFI-E — FH

FEAE

03726/ 08
22:22:49

SIGHALZO00/TEAFRC [Var 2.60.07] - HCM Voluma Adjust & Satflow Worksheot

Fk-hr fzct, PHF
Adj mvr flow, vp
Lamna group, LG
Adj Lz flow, v
Frop LT. FLT
Frop ET. FRT

Flow Rats

Eazs satflo, =o
HFunbasr lanas, H
Lane width, W
Haavy wah, fHY
Grada, fg

Farking, fp
Eus block,

Araaz typa, fa
Lams util,
Laft-turn, fLT
Right-turn, f£RT
Fadeiks LT, fLphb
FadEiks ET, fRpb
Loczl adijustont
Adj satflow, =

Adj Flow, w
Satflow. =
Lozt tima, tL
Effact graan, g
Grn ratio, gfc
LZ capacity, o
v/o ratio, X
Flow ratio, wis
crit lama group
gunm crit wis, To
Ccrit wia, Mo

WE
ET TH LT
| 0 0
oo .00 00
0 0 0
WE
RT TH LT

HE
RT TH LT
0 S0& a
5% .83 .83
o 574 0
TH
g
el
. 0aa
HE
RT TH LT
189
2
CBh2
.51
1.000
1. 000
1.000
1.000
350
1.000
1.000
1.000
1. 000
1.000
3355

HE
RT TH LT

TH
g
3355
38
&9, 4
.75
2531
. 385
.280
T2

O e e e
[ ]
[ ]
=

ET+TH+LT
284
1858
3.6
15.4
L1887
311
LAdE
142
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VOLERH COSEDH THESIZ 0372608
IHT 1102 - RHIFEAFI-E — FH FEAE 22:22:49
EILIETIHG

SIGHALZ000/TEAFAC [Var 2 .60.07] - HCM Capacity and Los Workshaeat

Dalay SE WE HE EB

and Log RT TH LT RT TH LT RT TH LT RT TH LT
Larne group, LG TH TH ET+TH+LT
hdj Flow, w 1601 574 264

LZ capacity, o 24&d 2531 311

/o ratio, X LESD .Jek .a4s

Grn ratio, gv/C LT LT L1E7

Ooif dalay, 41 5.4 3.9 .2

Imor calib, k .50 .50 =l

Incr dalay, d2 1.3 d 24.0
Qusue Dalay, d3 .0 a L0

Ooif dalay, di* .a .a N

Frog factor, FF 1.882 1.88 1.00
Cormtrl dalay, d 11. & 7.8 £1.2

Lame group LS E+ A E+
Finzal uaua, ghbi a a 0

Appr delay, da 11. & 1.8 £1.2
Approach Lo E+ A E+

Appr flow, wA 1601 &y 2&d
Irtar sa ot ion O lay 14.9% Lo8 E+
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VOLEAH COSFIOH THE2I=S 03/26/08&
INT 1102 - KRHIFREAFI-E - FH FERE 22:22:4%
EIIETIHG

SIGHALZO00/TERAFAC [Var 2.60.07] - BCM Back of Quaus Workshaat

Cuaues in =1 ] WE HE EE
Worst Lanes ET TH LT RT TH LT ET TH LT RT TH LT
Lame group,. LC TH TH RT+TH+LT
Imit quavs, ChL 8] i} ]
Ln flow. L 843 513 2E4
Ln satflow. =L 171% 176£ 1458
Ln capacity, oL 1257 1332 11
Flow ratio, yL . 450 L2590 .142
v/o ratio, XL LES0 . 385 LBd4%
Effact graan, g 9.4 &5.4 15.4
Gron ratio, g/fc .754 . 754 167
Upstr filtar, I 1.00 1.00 1.00
Grn arrivals, F 52 1] .17
Flatn ratio, Ep B &7 1.00
Frog facktr, FFZ 1.50 1.7 1.00
cuaus (lst) . €l 15. 5 2.1 &.5
fena fackr, kB 1.3% 1.42 - |
cuans (2ol Q2 2.5 .5 2.1
Avg gquaus, O 18.0 8.0 8.7
80w factor., fE 1.51 1.58 1.59
808 gquaua, Op 27.3 14. 2 1%. 8
Avg spacing, Lh 25. 3 25. 3 25.10
Avail storg, La 0 i} ]
Avg distanca 456 22§ 217
Avyg ratio, RQ .ag i) .o
S0% distanoa &50 359 344
0% ratio, RQp a0 ali) il
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WOLERH COEEOH THESIE 03/26/0&
THT 1102 - AAIREAFI-E - FH FEAE 22:22: 4%
EIIETIHG

SIGHALZO00/TERPAC [Var 2.&0.07] - Capacity Analysis Sumoary

Intarsaction Avarages for Imk # 102 -
Dagras of Baturation (wfo) 0.58 vehiclas Dalay 14.9% Lawval of Sarvics B+

28q 11 | Fhasa 1 | Fhasa 2 |
II|="|'il- ______________________
I+ I I

. I+ I I
L T B I I

| . I * I

| | - | ++++ |
Horth | + | |
| | + | ++++ |

| + I v I

| 2fc=0.7&1 | /c=0.174 |

| &= 70.0" | &= 1&.0" |

| T#R= 3.0" | T+R= 3.0" |

| oFF= 0.0% | OFF=785. 3% |

| Lans |Widthy | gic | Bsrvios Rata | RAdj | | HCH | L | Quaus |
| Group | Lanes| Ragd UOsed | @C (vph) 4E |Volume| wic | Dalay | 8 |Modal 1]
8B Approach 11. & E+

I TB | 202 0,53 10.754 | 2425 | 2424 | 1801 (0.650 | 11.& | B4 &80 fr|

HE Approach 7.8 &
| TE | 2172 |0.381 |0.754 | 2453 | 2531 | &7 |0.385 | T.EB | R | O3S fr
EE Approach &l.2 E+

|IET+TH4LT| 15/1 |0.251 |0.1&7 74 | 29% | 264 10.84% | £1.2 | BE+| 344 fr|
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WOLEEH <CSFOH THEBIS

Q37 Zef 06

INT ll&2k - TWHYEERDI - <FF-PEREK 2d153:51

EXIZSTIRG

SIGHRLZODOSTERPRC [War Z. &1.

Interss ckion ¢ 162 -
I
| &
| Q.0
| a
I

174 a0 o F

Bazvy wah, SH 15.4 2.8
Pk-hr fact, DHF .95 .95
Pratined or Aot
gtrtup lost, 11
Ext off qrn, @
Arriwal typ,. AT
Pad wol, wpad 0
Bikas wol, wvhio 0
Parking locatne B
Park mrwre, He 0
Bus stops, HBE 0
Grada, 7 0

8377 | Fhase 1 | Phaes
l--lll'-ii- _________
L I &
. wm ok o EEEE W
Fl CLE I
v

07] = H3M Input Workshesb

kraa Location Type: HWOHCED

i i
I 175 || i | WIDTHE
oo gj i v LEMES
|0l ———
i i % g 230 1 .
5 —_———————— Fi
—_ Ced 24.0 2 i
e ——————————— ———— —— I
+ £ ZTE .o 0 Horth
e e &t P kB B L P ! ] I
ﬁ. | f —_——
i i i i
| 2&1 | 361 | 143 | Phasing: SEQUERCE 77
i 0.0 j 4.5 | 0.0 | FEEEEY HHHH
i o 3 L | GVERLD ¥ ¥ T W
i i i i LERDLE: LD LD
WE HE EE
LT ET TH LT ET TH LT ET TH LT
| O 8.3 4.0 2.8 4.2 138 0 7.5 4.0
1 9 9 9 93 .93 93 91 al 91
1] ] ] ] B ] B ] ] ]
2.3 3.3 3.3 3.3 2.3 2.3 2.3 2.3 F.3 2.3
1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
3 3 2 3 3 3 3 £ a £
Q i ]
a] i ]
HO B Hi:
a] i ]
Q i ]
a] .M ]
2 | Phass 3 | Thass 4 | FPhase 5 | Phass & |
i - i - i i i
i--il-l -il-l--il l--ii--il I I
| i | | | [
| wicki| A | | [
i L | ik i i i
-i,l I-ii-i--i, I I I
- I-il--il- I-il-l--i I I I
L | L i w i i i

O SO%| = 130" | Q= 17.
| T+Fm 3.0" | Y+F= 3.

v | = Z1.0% | = ZE.QY | = .07 | Qe a.ov |
0% | T+F= 3.0 | T+BE= 3.0 | T4+E= O.0°
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WOLERH CCSFEOH THESIS

INT ll&2h - MHVEEDI - <fF-FERE

EXIETIRG

QIf2ef0E
a1 53151

SIGHELZO0O/TERDRC [Var 2. 60.07] - HOM Voluma Rijust & Batflow Workshest

Wi lums
Rdjuestmant

Volums, W
Ik-hr fact, DHF

faturation
Flow Rate

Bass satflo, aso
Humpbsar lanes, H
Lana width, oW
Baavy wah, CHY
crada, 19
Parking, fp
Bus hlock, fhb
Rraa type, fa
Lana ukil, £LD
Laft—-turn, fLT
Right-turn, fRT
PedEike LT, fLpb
PedEika BT, fRpb
Local adjustrnt
Adj satflow, s

ae
ET TH

=5 4z8
.85 .85
Z7 451

ET+TH+LT

GGG
283
041

el el el

HE
ET TH LT
0 Ee4 ZTE
9E 96 .96
O Egg 290

=
o
=
o

[T =

[N

HE
ET TH LT
143 381 261
B3 .83 .8Z2
154 328 221
RT+TH+1LT
823
341
1ET

[ Sy

SIGHALZOOOSTERPRC [War 2. 60, 07] - HOM Capaolty and LO2 Morksheat

Capacity
Anzlysls

Lana group, Lz
Edj Flow, ¥
fatflow, ®
Loat timm, tL
Effact grean, q
érn raktio, gfc
L capacity, ©
vio ratio, X
Flow ratlo, w/e
Crit lane group
fum orlt wis Yo
crit wio, Mo

ae
ET TH

RT+TH+LT

EEE
4214
.6
11.4

WE
ET TH LT

TH+LT
e
AzEE
3.6
ao. 4
. 237
745
1.17%

Total lost, L

HE
ET TH LT
KT+TH+LT

823
4525
I8

16. 4
.lg3
824

. 95949
.lg3

EE
ET TH LT

0TI 174
.81 .91 .9l
o0 77 19l

=
o
=
[ =]

[T =

[N
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WOLERH CCOFEOH THESIZ
INT 1162k - MEVEEDI - <FF-DERE

EXTETTEGC

SLCHALZOOO/TERPRC [War 2.60.07] - HM Capacity and LO2 Worksheot

Dalay

and Lia

Lana group, L&
Rdj Flow, W

LS capaclty, o
wio ratio, X
G¢rn ratioc, gfc
Opif delay, dl
Incr celllk, k
Incr dalay, 42
fuene Dolay, 43
Ipif dalay, 4dl+
Prog factor, DPF
Contrl dalay, d
Lana group LOE
Flnzl Cuosus, Ol

==
KT TH

RT+TH+LT
E6E
£10

l.042
1ET
is.3

. B0
4.0

LT

WE
RT TH LT
TH+LT
£e
745
1.17%
. 2&T

HE
ET TH

RT+TH+LT

823
824
999
.12

QIFIeS 08
23153151
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WOLERH CCEFTOH THEZ2IS

INT 1l&2R - THVERDI - {FF-PERE

EXIZTIHG

SICHRLZ00O/TERDRC War 2.60.07] - H3M Back of Caans Workabest

fuenes in
Worst Lanas

Lana group, LG
Init queus, JEL
Lo flow, vL

L satflow, sl
Lo capacity, oL
Flow ratio, ¥yl
vio ratlio, XL
Effact grean, g
ezrn rxtio, gic
Opstr filter, I
iZrn arrival=s, D
Platn ratizs, Ep
Prog facte, PF2
guaens [(lath, @l
cogne faotr, kB
usus (2ndy, g2

Evg quaua, O
208 factor, IE
20% quaua, Qp

Evg spacing, Lh
Evall storg, La
Evg distanos
Evg ratio, RO
0% distanos

903 ratic, RQp

ap
kT TH

KET+TH+LT

a
244
1763
223
138
1.05%2
11.4
137
1.00
.13
1.00

HE
KT TH LT

TH+LT
a
46z
1731
3az
. BT
1.17%
a0. 4

HE
ET TH

KET+TH+LT

a
301
1657
302
.1g3
. 95949
15. 4
.12
1.00
.18
1.00
1.00

Q3/26S0E
a1 53151

EE
ET TH LT

TH+LT

20
17491

S4E
. 280

. 954
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YWOLERH COCOEDH THEZIZS QIFIef 08
INT 1l&2k - THVEEDI - <FF-PEREK 23153151
EXTETING

SIGHALZO00/ TEARAC [Var 2.60.07] - Capacity Analysls Susmary

Interss cbion Averages for Ink ¢ 162 -
Dagrea of Saxturatlon (vwfch 1.05 Wahicle Delay &5.4 Lavel of Sarvice F

B 77 | Phass 1 | Phapse 2 | Fhase 3 | FPhase 4 |
B [ B B o o e o o o e e e e e e e o e e i
|o= === = i = i = i

. | & % & wwaw e | | do |
FIW e ow i i s | i

i i v i i L B i

i i i = i v | ik i
Horkh | i Wk w [ A i
i | i w ow E e [ A i

i v i w®®® | ¥ i i

| CACm0.133 | CFC=0.18% | @FCe=0.333 | @/C=0.311 |
| Cm 12.0% | C= 17.0" | @= 21.0° | = 28.0" |
| ¥+Rhm 3.0" | Y+R= 3.0" | Y+E= 3.0" | Y+B= 3.0" |
| OFF= 0.0% | OFFml6.7% | OFF=38.9% | OFF=&5.6% |

Cm 90 saC FPm TE.O 390 = B6.TH Twll. 0 0 = 13.3% Dede 0.0 goo = 0.0%

| Lans |MidEhs | gfc | Barvice Rata| RA] | | BoA | L | fuena |
| Group | Lanaes| REegd Ozad | 8C (wphi &E [(Veoluma| w/c | Delay | B |Hodel 1)
2B Rpproach 103, 3 F
|ET+TH+LT| 2553 |0.217 [0.137 | BE | ®10 | &&8 |1.0%2 | 1033 |*F | 440 £t
HE Rpprozch 67.9 E

|ET+TH+LY| 2553 0,250 jO.l&3 | 397 | &24 | B23 |0.5%3% | &7.9 |=E | 477 £t

WE Rpproach 128.8 F

i TH+LYT| 24F2 | 0.336 (0. 227 | 457 | 745 | @78 |1.17% | la&.& <P | 313 £k

EE Approach 49.5 D

i TH+LT| Z5Fz |0.34% |O.304 | &23 | 1oks | 988 |0.954 | 455 |*@ | 721 £t
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WOLHERH CCOFETH THESIS
INT. 1lls3 - YRYIR - OFF-PFERE
EXIZTIRG

Q3fZef 06
221 57100

SIGHARLEONO/TERPRC [War 2.60.07] - H3M Input Workshest

Iotarsaction § 163 -

| | |
| Lla3 | 283 |
I G0 | 1&.0 |
N
| | |
o ——— ———— 5 I
a oo 0 of
01 23.0 3 -—
41 12a.¢ 1 & i
e I
| I
| I
| I
=1
ET TH

Araa Locatlon Typa: HOHCED

i
125 || | | WILTHE
.o ojij i v LEHEE
oo ——————
i y B3 0.0 0 .
% e I
_— TOF Ze.0 2 i
o ——— e ————————— —— I
+ f o 0.0 0 Horth
I U D U . I
% i § ———
i i i
120 | 1&3 | 7T | Fhasing SEQNEE Tl
0.0 j 1Is.0 | Q.0 | PEF=Y H HH
a | 1| Qo OVERLET H HY
i i i

LT RT TH LT ET TH LT RT TH LT

Baawy wah, SHY €. £.1 12.4 157 1ll.& .0 3.7 lo.4 BT 2.4 5.1 .0

Pk-hr fact, PHF
Pratimed or Aot
Etrtup loest, 11
Ext «ff qrn, <
Arriwval typ. AT

Pad wol, vped 0
Bika wol, whic 0
Parking locatne B
Park mowres, HE a
Bus stops, ME 0
Grade, G 0

. 45

85 -1 -1 g3 g3 g3 L] G .93
P =] P =) P P P =] P =}
| 2.3 2.F 2.3 2.3 2.3 2.3 2.3 2.3 2.3
T 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
3 i ] ] 3 3 3 ] = =

Q 1] 0

5} 0 0

HO B Hi

o 0 0

Q 1] 0

5} .0 0
| Fhass 3 | Fhzos 4 | Fhass 5 | Fhass & |
D:ll'il- ______________________________
i - i i i i
i | i i i
i mand i i i
i i i i i
i i i i i
| i, i i i i
[ ++++ i i i i
I w i i i i

Cm BEY| = 24.0" | = 14.0°
| T+F= 3.0 | Y+E= 4.0°

| = 40,07 | Q= 0.0° | B=  0.0% | = 0.0" |
| ¥T+R= 3.0" | ¥Y4B= 0.0" | T+E= 0.07 | Y+B= 0.0" |
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WOLERH CCEFOH THESIS

INT.
EXIISTING

1163 - YRYTR - $FF-PERE

BIGHALEOOO/TERDRC [War 2. 60.07] = HOM Volume Rijust & Satflow Worksheat

Vo lums
Adjustmant

Volums, W
Fk-hr fact, EHF

faturak iomn
Flow Rata

Bass satflo, a0
Hubar lanas, H
Lans width, W
Bazvy wah, CHY
Crada, Iy
Parking, fp
Bus block, kb
Araz typa, ra
Lans util, fLD
Laft—-turn, LT
Right-turn, IET
MdEiks LT, fIph
MadEike RT, fRph
Local adjustmnt
ARdj eabflow, o

ap
ET TH
123
. 8g

1z8

263
. 95

274

RT+TH+LT
a5
.24
215

ET TH

18]

1.133
. 908
ilsli]
gilsl]
sl
ilsli]
gilsl)
984
.571
ilsli]
gilsl]
sl
1253

P e

[

[

LT

1&5

. bg

1493

LT

WE
RET TH LT
g8x TO3 a
.95 .85 .85

BT T4E a

azez

ET

27
.23

23

HE

TH LT
132 1z0
.23 g3
136 145

ET+TH+LT

ET

P e

[

[

74
i}
Lngg

TH LT

1g3l

133
8-k
el
000
el
el
S lel)
.9gl
.9gd
el
000
el
1817

BICHALEOOO/TERDAC [War 2. 60. 07] - H3M Capacity and LO8 Morksheat

Capacity
Enalysis

Lana group, LG
hdj Flow, w
Zatflow, ®

Lost time, tL
Effact grean, g
Zrn rakio, gfc
LT capacity, <
wo ratlio, X
Flow ratilo, wie
Crit lans group
fum orit wis Yo
Crit wfec, Mo

(=1-]
ET TH

HET+TH+LT
E45
1253
3.8
14.4
164
304
1.557
20

LT

WE
ET TH LT
ET+TH
L3z
azez
3.6
29. 4
.44
1461
. 5T0
. 2585

Total lost, L

ET

HE
TH LT

HET+TH+LT

v4
1817
38
23. 4
.2EE
Eln
T2
.1595

Q3fzef 0E
221 57100

P e e e
]
=
=

=
)}
=
=

(S
=]
=
=

RT

EE

TH LT

RT
45
1570
iy
66.4
JTEE
1le4
ek}
. 029

TH
978
3238
3.6
35.4
448
1450
ETE
]
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WOLERH COZFOH THEEIS

INT.
EXIETING

SIGHARLEODO/TERTRC [War 2.60.07] - HOM Capacity and LOE Worksheat

s lay

and Lis

Lana group, L&
hdj Flow, ¥

LC capacty, o
wo ratio, X
Grn ratio, gfc
Moif dalay, dl
Incr calib, k
Incr delay, 42
fuoenae Dalay, 43
Ooif dalay, dl+
Prog factor, PF
Contrl dalay, d
Lane group LaS
Final Cusws, Jhi

1163 - YRYIR - OFF-FERE

t=1-3
KT TH LT

ET+TH+LT
5495
304
1.557
.164

I6.8
-1
442.5
.0

0
1.00
47%.3

HE
RT TH LT
RT+TH
g3z
1451
)
442

HE-
ET TH

ET+TH+LT

I74
Ela
Bk
268

Z29.5

QIfzes 06
221 57100

EE
KT TH LT

ET TH

45 973
11&4 1450
038 LETE
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WOLEEH CCEFTH THEZRIS

IHT.
EXIETIRG

SICHALZO0OO/TERTRC WMar 2. 60, 07] — H3M Back of (uaus Worksbeat

uenes in
Worst Lanas

Lana group, LG
Init quana, <EL
Lo flow, vL

Lo satflow, sl
Lo capacity, <L
Flow ratlo, ylL
wfo ratic, IL
Effact grean, g
Zrn ratic, gic
Opastr filter, I
Zrn arrivals, ¥
Plaktn ratis, Rp
Prog factr, FF2
Quona (lath, Q1
uana factr, KB
Quaue (Indy, Q2

Rvg quaus,
a0y factor, fE
20y quele, Op

Evg spacing, Lh
Evall storg, La
kvg dstanom
Evg ratioc, BQ
0% distanos

20% ratlic, Blp

1163 - YRAYIR - OFF-FERE

ap
ET TH

RT+TH+LT
o
=1-1
1&59
ang
. AZ20
1.557
14.4
164
1.00

LT

HE
RET TH LT
ET+TH
Q
43
1717
769
. 255
. 570
a9.4

HE
KT TH

LT

RT'+TH+1LT

L
74
1817
Ela
.195
T3
23. 4
.2EE
1.00
L ET
1.00
1.00
8.3

Q3F2ef0E

22: 5700
EE

RT TH LT
RT TH
o L
45 EI1E
1570 1704
1184 763
023 . 202
038 LETE
66.4 3%.4
TES . 4428
1.400 1. 00
.TE .45
1.00 1.00
1.00 1.00
3 1000
1.27 .93
0 1.8
.3 11.8
1. 97 1.5E
B LB
a5.4 26.4
o L
g zl11
.00 00
1 48l
.00 an
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WOLERH CCIEDOH THEEIE Q3FZeF 06
INT. 1163 - YRYTR - COFF-TPERE 221 57200
EXLISTING:

SIGHALZ000/ TEADAC [War 2. 60.07] - Capacity Analysis Susmary

Interssction Averagas for Inkt ¢ 163 -
Dogres of Saturatlon (wicy 0.%1 SYabhicls elay 115.4 Lawel of Servioe F

871l | Fhasa 1 | Phass 2 | Phasa 3 |
]'_J:ln'-il- o i e e - o o o T, T T, 2 - . T
i | # & & i = i

. i | = ® i ++++ |
1% 1 | v i |
i i i v i i

i i = i i i
'H.:,_'_-t'h I .:i- W -i,l I-ll--ii-‘ I
i R n L | |+t i

i vR R i v i

| EiCa0. 272 | GFC=0.15% | a0, 455 |
| = 24.0" | G=  14.0" | Q=  40.0" |
| Y+Fm 20" | ¥+F= 4.0" | T+E= F.0" |
| CFF= 0.0% | CFF=30.7% | <FF=S1.1% |

Cm E8 BO Pm TE.O oo = BEF.68 Twll. O 0 = 11.4% DPad= 0.0 g0 = 0.0%

| Lana  [WidEh/| gie | Barvice Rata| Adj | | BCHW | L | |
| Group | Lanes| Regd Used | 9C (vph) @B [Volums| w/c | Delay | & |Hodel 1)

8B Rpproach 79.3 F
IRT+TH+LT| 1641 |0.387 |0.164 | 94 | 284 | 555 [1.957 | 479.3 |*F | 2065 ft|
HE Rpproach 8.5 D+

IET+TH+LYT| l&fl (0. 284 Q0. 266 | 232 | BLO | 374 |0.73F | 38.5 |*D+| 415 £

WE Approach 19.6 E
[ET+TH | 2642 |0.313 [0.448 | 1361 | 1461 | 833 [0.570 | 19.6 | B | 388 ft|
EE Rpproach 0.9 C+

i  FT | 12F1 |0.146 [0.755 | 1176 | 1124 | 45 j0.038 | 2.8 | KB | 1§ ftj

| TH | 2372 |0.352 |O.448 | 1250 | 1450 | 979 |0.&75 | 2Z1.& |*C+| 431 £t
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WOLERH CCIEDOH THEZRIE
IMT.

EXIETING

1164 - ECCZRETHRH CIRISI - OFF-PERE

BIGHRLEOOO/TERPRC [War 2. 60.07] — HOM Input Workshesb

Interesction § 1&4 -

Q3SZeF 06
23100126

Area Locatlion Type: HWOHCED

| WIKTHS
v LAHEES
1 .
El Y
2 i
——————— - |
0 Warth
= ———— ———— |
Thasing: SEQUENCE 13
TEFM=Y HHHH
OVERLT Y Y T Y
LEADLEZ LD LD
HE EE
TH LT RT TH LT
0. 0 4.3 4.9
a0 %0 A8 .88 @8
] ] ] o o
2.3 2.3 5.3 2.3 2.3
1.7 1.7 1.7 1.7 1.7
3 3 3 a a
0 0
(] ]
=) H
0 0
0 0
0 N
| Dhase S | Dhasa & |
i i i
i i i
i i i
i i i
i i i
i i i
i i i
i i i
| Gm 0.0 | Gm=  0.0" |
| THR= 0,07 | Y+R= 0.0 |

i i i i
i 137 | oo 343 0 i
| Q.0 | 1d4.0 | 0.0 || i
i o | 1 i
i i i i % 298 8.2
______ ln' I
_— &d4g  Zh. 0
14z n.go 0 J f o g. 0
B8 230 3 —
———————— . | /
0 L1 R | TR ] i i i
————————— L R I
i 1 o ) 0o 9.0 |
i i 0 j (| o
i i i i i
ZB WE
ET TH LT KT TH LT ET
Bazwy wah, SHY 4.7 .0 11.1 11.7 &E.7 .0 .
Fk-hr fact, PHF a4 . ad a4 I - a7 .50
Pratimed or Aok B B T ] ] ] B
Etrktup loest, 11 2.3 3.3 2.3 .53 2.3 2.3 2.3
Ext =2If grn, = 1.7 1.7 2.7 1.7 1.7 1.7 1.7
Arriwal Eyp. AT 3 3 3 3 3 3 3
Mad wol, wpad ] a]
Blks wol, wvhio 0 [a}
Parking locetne [ HO
Park movre, HE ] a]
Bus gtopa, HE ] a]
Frade, G .0 .0
Bq 13| Phase 1 | Phasa 2 | Fhase 3 | Phass 4
l--ill'-il- ______________________________
i+ + = i * i+ - i
. | + + | * | + ++++ |
Fl1% =+ +1 joure =+ i |
i i i = i i
i i | A i i
Horth | J o e | +ttn i
i i i i i
i i i i
Cm S0P Qe 1830 | 2= 11.0% | Q= E1.O% | Q= 0. gr
| W+k= 4.0% | Y¥+Fm 3. 0% | ¥+F= 3. 0% | Y4+B= 0.0F
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WOLEARH COEFEOH THESIS

INT. 1led -
EXIIETIHG

FCZRETHRH SIRIEI -

OFF-PERE

QIFZef 06
Z3:100z26

SIGHRLZONO/TERDRC [War 2. 60, 07] - H3M Volume Rjust & Estflow Worksheset

Violums
hdjuetmant
Voloms, W
Pk-hr fact, PHF

faturation
Flow Rats

Basa satflo, 8o
Hupbsr lapas, H
Lana widch, W
Baavy wah, rHY
Gcrade, 1g
Parking,

Bus block, L
Araa type, fa
Lana uktil, LD
Laft-turn, LT
Right-turn, IfRT
PadEiks LT, fLpk
PadEiks RT, fRpk
Local adjustnnt
hd] satflow, o

BIGHRLZO0O/TERPAC Var 2. 60.07] —

Capacity
Enzlysis

Lana group, LE
Adj Flow, v
fatflov, B
Loat tims, EL
Effect green, g
Grn ratio, gic
L capacity, ©
w'o ratio, X
Flow ratlo, wie

Crit lana group

fum orlt wie, Yo
Crit wio, Ka

E=1-3
ET TH LT

a 0 43
54 L84 L 5d

LU 0 355

=
=
]
=

il

[ =y

17z8

=1
ET TH LT

TH+LT
365
17z8
4.6
17 .4
.193
334
l.0493
211

HE ME

ET TH LT ET TH LT

298 &4= a a a a

- P 1 a0 00 .00

T 574 o 0 o o
ET TH
T 574
=l ey e]ils)
l.000 000

WE HE

ET TH LT ET TH LT
lg9] 1&91
1 z
ETE l.aoz
LESE L BB
1,000 1.00
1,000 1.00
1000 1.00
1,000 1.00
1.000 . 850
1000 1.00
L50 1.00
1000 1.00
1000 1.00
1,000 1.00
1257 56

HM Capacity and LOS Workshest

WE HE
ET TH LT ET TH LT

ET TH
T 574
1257 245&
4.8 3.6
T1l.4 0.4

.T93 . 5e0
937 1935

. 308 452
244 LZ5Z

Total lost, L g.2

EE
ET TH LT

0 S8 l42
.es .83 a8

0 1133 1sl

e
o
=
=

e

EE
ET LT

TH+LT
1zed
3zed
3B
64 .4
T1l&

LE33
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WOLERH <CSEOH THEBIS

IMT.
EXI=TIRG

1l64 - FCCREIHEH GIRIEI - OFFP-PERE

SICHELZOOOSTERDRC [War 2. &0.07] - H3M Capacity and LOE Morkabeot

Do lay

amd LS

Lana group, L&
&dj Flow, w

L capacity, o©
vfo ratio, X
érn ratis, gfc
Ioif dealay, dl
Imcr callik, k
Imcr dalay, 42
fueus Dalay, 93
Moif dalay, 41+
Prog factar, PF
Contrl delay, 4
Lane group LS
Final guens, Jbl

WE

RT TH LT
RT TH
iy £74
997 1935
. E0g 452
.T92 . 5EO
2.5 11.7
50 5O
.- .-
.0 .
.0 .
1.00 1.00
3.% 1z.4
k B+
a a
10,1
B+
11#l

Lag Ct

HE
ET TH LT

QIFZES0E
2300z 26

EE
RT TH LT

TH+LT
1ze4
2407
B33
.T1&
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WOLERH CCSETOH THESIS
INT. 1lls4 - ECCRETHRH CIRIEI - OFF-PERE

EXIZTIHG

SICHARLZODOSTERPRC [War 2.60.07] - H3M Back of Quans Workabesot

Caeues in
Worst Lanas
Lana group, L
Init quaua, (bl
Ln flow, wL

Ln satflow, sl
Ln capacity, ok
Flow ratio, yL
v/ao rakio, IL
Effect grean, g
@rn ratic, gic
Dpstr filter, I
grn arrivals, P
Platn ratio, Rp
Prog factr, PF2
uena (1st), @1
{ueue factr, kB
fuaua (2ndi, G2
kwg quave, Q

0% facktor, B
0% quaus, Op
Evqg spacdng, Lh
Evall storg, La
Ryqg distans
Evqg ratic, B3
908 distanos
20% ratieo, Eop

=1 -]
ET TH

TH+LT
a
365
1723

334
211

1.0493
17 .4

183
1.00

.19
1.00

1.00

ET

HE
TH

ME
ET TH LT

RT

a

307
1257

a7
244

11}
T71.4

.THE
1.0G

TS
1.00

1.00
2.1

1.14

125
2 .55

TH

a
460
1£ls
1ols
252
A5z
0.4
1)
1.040

ek el T B 3
231007 3E
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VOLERH COSEOH THESIS QIf26F 06
INT. ll&4 - FECCREIMRH GIEIEI - OFF-PERE 231007 26
EXIETIHG

SIGHALZ00O/TERDAC [Wer 2.60.07] — Capacity Analysis Susmary

Ipberss ction Avarages for Ink § 18 -
Cagres of Sxturatlon (w/ch 0.5& WYehicle Delay 2Z1.8 ILawal of Sarvios O+

8q 13| Thase 1 | Phase 2 | Dhasa 3 |
ol ll"il- N S S S S S S S S S CEE- S S S -
i+ + A i = i+ - i
. | + + 4| | + +H+ |
FIV et 4w | [+ aww |
i i i - i
I I Ii-l-ii- I
Horth | j o |
i i
i i

| CACmO. 200 | GFCml. 133 | GFC=0. 567 |
| G=  12.0" | Z= 11.0% | Q= EL.O" |
| T+F= 4.0% | ¥+h= 2.0 | Y+F= 2.0 |
| CFFm&0.0% | OFF=£&4. 4% | OFF= 0.0% |

| Lana  [WidEh/| gie | Barvice Rata| R4 | | BCH | L
| @rowp | Lanes| Reqd Usad | §C (vph) GE [Voluma| w/c | Dalay | 8

8B Approach 112.7 F

i TH+LT| 1451 (0.204 jO.19%3 | 130 | 327 | 265 |1.092 | 112.7 | F | &s&2 £tj

WE Approach 10.1  E+
| ET | &/1 [0.345 [0.TH3 | S&T | 957 | 307 |0.308 | 3.3 | A | 125 £t
| TH | 252 |0.313 |0.560 | 1892 | 1935 | E74 |0.452 | 12.4 |*B+| 320 £E)
EE Approach 6.7 K

| TH+LT| 2352 |0.41% [0.716 | 2407 | 2407 | 1234 |0.53EF | 6.7 |*R | 376 £t|
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WOLERH COSEDH THESIS

INT.
EXIIETIRG

1165 - BIRIHEVLEE -

FF-PERE

QIFEEF0E
23:03:41

SICHALZOOOSTERTRC [War 2.&60.07] — H3d Input Workashest

Intarsection § 165 -

Area Location Type: HOHCED

| i | i
i B2 | L I Tn LI | i i WILTH=
| Q.0 ] 8.5 | 0.0 jj i v LEHEE
| o 2| g mmm—————— —
i i i ii % 240 .o 0 .
—————— / | - N
_— TIO 237 2 i
—— .. mem——— e _— i
] .o 0 F i L] .o 0 Horth
________ e —————— I
g0 3.7 3 —
________ I l|' S —
0 0.0 0 ¥ | [ [
————————— ] o [ I Qo Phaslng SEQNERCE -1
i P oo 00 Q. FEEMEY HHHH
i ] oo Q| Qg GWERLEF Y X T Y
i ] i i i LEEDLEG LD LL
b= HE HE EE
ET TH LT ET TH LT ET TH LT ET TH LT
Bazwy vah, %HY 1.6 n 1.3 a.g 3.1 . .0 .0 .0 I ]
Pk-hr fact, PHF TH ai a1 S0 a1 a0 S0 .50 %0 ai an an
Fretimed or Aot B B B =] =] =] ] r B =] =] =]
gtrtup lost, 11 2.3 2.3 2.3 2.3 3.3 3.3 2.3 2.3 2.3 2.3% 2.3 2.3
Ext «ff gqrn, & 1.7 1.7 2.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Arriwal typ. KT 3 3 3 3 3 3 3 3 3 k] k] k]
Pad wol, wped ] a] ] ]
BElks wol, whioc ] a] ] ]
Parking locatne s HO [ HG
Park mowre, He ] a] ] ]
Buas pbtopa, HE ] a] ] ]
Grada, @3 =E5.0 .0 . =7.0
8g-1|] Phasa 1 | Phags 2 | Phase 3 | Phase 4 | FPhase 5 | Fhases 6 |
l--ill'-il- ______________________________
I+ - |+ |+ + = | | | i
. i + +H++| + i + + i i i
SN |+ o+ | it |+ +n i i i i
| | i | | | | i
| | i | | | | i
Horkh | ++itn | At i i i i i
| | i | | | | i
| i | | | | i
Cm BOY| Qe BROY | Zm 100" | Gm 1T.OY | 3= 0.0% | Zm 0.0" | Gm L L |
| ¥+Fm 3.0% | Y+Fm 3.0 | Y+B= 4.0% | ¥Y+BE= 0.0" | T+E= O.0% | ¥+R= 0.0% |
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WOLERH COSFEOH THES2IS

IHT.
EXIISTING

1165 - EIRIHEVLEE -

CEF-PERE

Q3/26F 08
23:03: 41

BIGHALEZOOO/TERDRC [War 2. 60.07] - HOM Volume Rijust & Satflow Worksheat

Vo lums
Adjurtmant

Voluma, V
Ik-hr fact, PHF

Rdj mv flow, wp

Baturation
Flow Rata

Bass satflo, ao
Hubar lanas, H
Lans width, W
Bazvy wah, CHY
Grada, Iy
Parking, fp
Bus block, kb
Araz typa, ra
Lans util, fLD
Laft—-turn, LT
Right-turn, IET
MdEika LT, IIph
PadEika KT,
Local adjustnnt
Rdj eatflow, =

KT

B

TH LT

a
.78
a

0 30s
a0 .49l
0 340

P
=
L ]
=

-

ilall
ilall

IvET

P
=
L |
=

WE
RT TH LT
Z40 77O a
90 .81 .90
28T L4 a
ET+TH
111
yslils)
. 240

WE
ET TH LT

leal

. 995
. 95g
. 9E
yslils)
yelils)
1.000

. 850
1,000

. 964

(=]

[=

Q00

Az564

HE
ET TH LT
a a a
SO0 a0 00
a 0 a
HE
ET TH LT

BIGHALEOOO/TERDRC [War 2. 60.07] - HOM Capacity and LOE Worksheat

Capacity
knalysis

Lana group, L&
hdj Flow, w
Zatflow, ®
Lost time, tL
Effact grean, g
Zrn ratio, gfc
L capaclity, o©
wio rakio, X
Flow ratlo, wie

Crit lane group

fhao orlt vis Yo
crit wio, Mo

KT

ap

TH LT

TH+LT
40
wey

WE
ET TH LT
ET+TH
111%
2254
Cy
Ez. 4
-1
1e94
. Gag
.34z

Total loskt, L

HE
ET TH LT

e
[}
=
=

el

el
el

3E7TE

[N
[}
=
=
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WOLERH COSFETH THEZIZ

IHT.
EXI=TIRG

1155 - SIRIHMEVLEE - CFF-FERE

SICHALZOOOSTERPRC [War I.60.07] - HOM Capacity and LOE Worksheat

Do lay

ard LoE

Lana group, L&
kdj Flow, w

LG capacity, ©
wio ratio, X
@rn ratio, gsc
Onif delay, dl
Incr calib, k
Incr delay, d2
ueus Dalay, d3
Onif delay, 41+
Prog factor, OF
Conktrl delay, d
Lana group LOG
Final Quaue, gbi

hpproach 16

t=1-3
ET TH

LT

TH+LT

498

HWE
ET TH

ET+TH
111%
1554

. kgg
. Bz

HE
ET TH LT

Q3FZES0E
23103141
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WOLERH COIEDTH THEZ2IZ2

INT. 1ll&& - EZIRIHEYLER - <FF-FERE
EXIETING

SICHALZOONOSTERPRC War 2.60.07] - H3M Back of {ugus Worksbheat

cagnes in b= -3 HE HE
Worst Lansa ET TH LT KT TH LT ET TH LT
Lans group, L TH+LT ET+TH
Init guansa, kL 1] Q
Lo flow, WL 173 GEE
Lo satflow, al 157% 1713
Lo capaclty, <L gl 497
Flow ratlo, ywlL .90 T
wo ratio, IL LA 85 . BHE
Effact grean, 4 1&.4 EE.4
G¢rn ratioc, gfc .1&83 . G5BZ
Opstr filtaer, I 1.00 1.04
Grn acrivals, T .18 5=
Platn ratio, REp 1.00 1.0%
Prog factr, PFZ 1.00 1.04
cogns [ lath, @1 4.0 8.3
cuane facte, kKB . Bg 1.14
caagne [ 2ndy, G2 .5 1.%
Evg quase, O 4.6 1G.5
0% factor, B 1.70 1.5&
0% quate, Op 7.8 1&.5
Rvg epacing, Lh aE. 3 5.5
Frzll storg, La 1] Q
Ryg distanc 11 7T
Evqg ratic, B .on Nilsl
0% ddstanc 1as 432

80% ratlo, BOp . a0 S ils]

G3/26F 06
23103141

EE
RT TH LT
TH
L
473
182
1267
. 251
L EE
5.4
STET
1. 00
TR
1. 00
1. 00
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WOLERH CCSFEDOH THEZIZ Q3FZeF 06
INT. 1l1sS5 - BIRIMEVLEE - <FF-PERE 23:03:1 41
EXISTING

SICHMALZO0O/TEATAC [Ver 2.60.07] - Capacity Analysis Susmary

Interssction Averages for Ink § 165 -
Dagres of Saturatlon (v/oy 0.48 WVahicles Delay 13.3 Leawel of Sarvioce B+

83-1| Thass 1 | Phape 2 | Phase ¥ |
l--ill'-ll- o —————————— - ——— T ———————————— ——— T————— ——— ———
i + # i + i + + & i
. | + +H++| + | + + e
F1% 1=+ o+ | |+ +n i
i i i i i
i i i i i
Horkth | ++++= | Httn i i
i i i i i
| | | |
| ECm, 58% | GFCad.111 | SFC=0 183 |
| = 530" | = 100" | = 1TF.0Y |
| ¥+hm 3%.0% | YW+Bm 2.0 | ¥+E= 4.0% |
| GFF= 0.0% | OFF=&2. 3% | SFF=76.7% |
Cm 80 pao Gm S0.0 2p0 = BH.9% Ywli. O spo = 11.1% Dode 0.0 aeo = 0. 0%
| Lans |WidEhs | gfc | Barvlioe Rabta| &Rd4] | | HSA | L | msus |
| @roup | Lanss| REegd Ozad | 8C (vph) GE |Voluma| wic | Delay | 2 |Hodal 1]

2B Rpproach 3G, B L+

i TH+LT| Z0/2 |0.188 |O.182 | 213 | &85 | 340 [0.45%&6 | 3Z5.8 | D+ 1%6 £t

WE Rpproach 133 B+
|RT+TH | 24/2 |0.387 |0.582 | 1858 | 1854 | 1113 |0.588 | 13.3 | B+| 432 £tj
EE Approach 9 &

| TH | 2472 [ 0.311 |Q.TIF | 2598 | 2538 | €33 |0.346 | 4.9 | K | 217 ft]
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WOLERH CCSETOH THESIS Q3/2ef0&
INT. l42&R - OEFR RHITI - OFF-PERE 231061 45
EXIETIRG

BICHRLZOOO/TERDRC [War 2. 60. 07] — HOM Inpukt Worksheat

Intersaction § 26 - Eraa Location Typa: HOHCED
| | | I | Eey: VOLUMES — »
i | al | 401 i i WILTHE
| Q.0 § 11.8 | 0.0 || | v LRHEES
O O B T | -
| | | TR

1] oo 0o ¥ + i 13 g.o0 0 HWorth
T ——— —— —————— L e L L P b I
28 226 2 —
N — % i ¥ R
243 n.g 0o % 11 | i i
e e e e e e e 11 o LA | | Phaslng SEQUERCE 1=
I TP N PP R TP | FEFMEY HHHNA
i ] a j a | a | OWERLF ¥ ¥ T YW
i i i i i LERDLEZ LD LI
=1 =3 WE HE EE

Bazvy wah, SH 4.1 4.4 2.5 4.3 4.0 &.2 2.0 2.0 2.0 2.1 4.& Z.0

Pk-hr fact, DHF &3 B3 LE3 BE LBE BE 26 =1 26 .TT 77 K

Pratingd or Kot ] P ] =] e =] r ] r =] =] =]

Btrtup lost, 11 4.3 2.3 2.3 2.3 2.3 2.% 2.3 2.3 2.3 2.3% 2.3 2.3

Ext =ff qrn, = 2.7 2.7 2.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7

hArriwvzl typ, AT 3 3 3 k3 k] k3 3 3 3 a ] a
Pad wol, wpad 1] o o 0
Blks wol, whio 1] Q o 0
Parking locatne [ HO [ He:
Park mowre, He 1] 5] o 0
Bus stopa, HE 1] 5] o 0
erada, && 0 ) .0 0

831z | Fhase 1 | Phase 2 | Pha=e ¥ | Fhese 4 | Fhase 5 | DPhasas 6 |

Lk ll'-il- . —— ———— ——————————————— —— ——— — ——— ——— ———— —— ——— ——— —— —

| & # i = i = i i i i

. | & # i +H+| trirdr | i i i

Fl L L | W+ | of et e | I | |

i i w i i) i i i i

i i i L i i i i i

Horkh | | |+ 4+t I I | |

i i i I ++++ i i i i

i i i v i i i i

Cm 50T Q= 1T7.0% | Sm= 6. 0% | Q= ER.OY | = 0.0 | = G.0F | m 0.0" |

| ¥+Fm 4.0" | ¥+Bm 2.0% | ¥+E= 3.0% | W+Bm 0.0% | T+R= 0.0" | Y+Rm 0.0" |
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WOLERH COSETH THES2IS

INT.
EXIISTING

142&K - TEFR RHITI - OFF-FERE

Q3/26F 08
23106 45

BIGHALEOOO/TERDRC [War 2. 60.07] = HOM Volume Rijust & Satflow Worksheat

Vo lumns
Adjustmant
Voluma, V
Pk-hr fact, PHF
KAy v flow, wp

faturation
Flow Rate

Bass satfls, so
Humibar laness, H
Lana width, 1
Baavy wah, CHV
Grade, I
Parking, fp
Bus block, fhb
kraa typa, fa
Lane ubil, rLD
Laft—-turn, fLT
Right-turn, fRT
PadEike LT, flpb
MedEike RT, fRpb
Local adjustmnt
Rdj saktflow, o

(=1-]
ET TH

a7 al
B3 B3
117 110

HET+TH+LT
268
153

sl
gilsli]
. 303
541
sl
gilsl)
gilsl]
1&&e

P e
=
[}
=

el

LT

24
.-k
41

RET TH LT
212 1060
e JBE LEHE
247 123z

ET+TH+LT
155&
045
. 155

RET TH LT

1&91

. 95E
. 960
yelils)
yelils]
yslils)
yelils)
. 850
. 99g
9T E
1.000
alils)
1.000

Az0s

N

(=]

65

TE

HE
ET TH LT
o 0 o
o0 o0 00
a a a
HE
ET TH LT

SICHALEZO0O/TERDRC [War 2. 60.07] - H3M Capacity and LOE Workahest

Capacity
Enalysis

Lane group, L&
ARdj Flow, W
fatflow, o
Lost tims, tL
Effact grean, g
Zrn ratie, gidc
Le capaclity, ©
wio ratio, X
Flow ratlo, wis

Grit lane group

Bum orlt wie Yo
Crit wic, Hao

(=1-]
ET TH

HET+TH+LT
268
g =11

LT

ET TH LT

ET+TH+LT
155&
azos

L
£5. 4
. TET
2331
. BEE
.48&

L

Total lost, L

HE
ET TH LT

EE
ET TH Lr
243 =86 a
21& 1151 a
KET+TH
1467
sl
. 215

EE
ET TH Lr

1491

977
.96l
el
el
800
el
. 550
1.000
CSad
1.000
sl
1.000
3263

N

(=]

EE
ET TH LT

KET+TH
1467
3263

3.6

.E38
208l

TOE
450
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WOLERH COSEDH THEEIZ

IHT.
EXIETING

1426R - UOEFR RHITI - OFF-PERE

SIGHRLEZOOO/TERBRC [War 2.60.07] - HOM Capacity and LOS Workshest

Do lay

and L

Lans group, La
ARdj Flow, w

LE capacdty, o
wio ratio, X
@rn ratioc, gic
Ooif delay, 41
Incr celib, k
Incr dalay, d2
fusne Delay, 43
Opif dalay, dl+*
Prog facter, PF
Contrl dalay, d
Lans group Lo
Final Cusus, gbl

==
ET TH LT
ET+TH+LT

268
AZ6
.gza
143
34.8

. 50
a0.3

0

0

1.00
55.32
E+

HE ME-
ET TH LT ET TH LT
ET+TH+LT
155&
2331

Q3/ZeF 08
23:06: 45

EE
ET TH LT

ET+TH

1467
2081
TS
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WOLHERH CCOETH THESIS
INT. 1426k - UOEFR RHITI - OFF-PERE

EXIETIRG

SICHARLZOOOSTERDAC [War 2. 60.07] — H3d Back of {oaus Workshest

Cusanas in
Worst Lanas

Lana group, LG
Init quana, obL
Lo flow, vL

Lo satflow, al
Lo capadty, oL
Flow ratlo, yL
wfo ratio, IL
Effact grean, g
zrn ratioc, gfc
Opztr filter, I
Zrn arrivals, P
Plztn ratio, Rp
Prog factr, PFZ
cuane (lat), ¢l
guene Facktr, kB
uoue (andy, Q2
kvg quava,

0y factor, fE
0% quets, Jp
Rvg epacing, Lh
Erzll storg, La
Erg distanss
Evqg ratioc, B
0% ddstancs
20y ratie, Bop

t=1-3
kT TH

RT+TH+LT

a
268
1&88
326
.1589
.82a
17.4
183
1.00

HE
RT TH

ME-
ET TH LT

ET+TH+LT

a
£13
legs
1227
488
. BEE
5.4
L TET
1.00
T2
1.00
1.00

Q3/26f 06
23:06: 45
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WOLERH COSFTH THE2IZ QIFRESOE
INT. 1426k - UOEFR RHITI - OFF-PERE 231061 45
EXI=TIRG:

SICHALZO0O/TEADAC [Var 2.60.07] - Capacity Analysis Susmary

Intersaction Avarages for Int § 26 -
Dagrea of Satuwratlion (v/fcof 0.70 Webhicles Delay 14.0 Lewel of Sarvios B+t

8l | Thase 1 | Fhase 2 | FPhass 3 |
i--ill'-ii- ________________
[ i - i - i

. I wm o I 1.1.1.1.' -il-l--il
iy e e i e |
i i v i s | i

i i i L i i
Horkh | i | +4++n i
i i i [ ++++ i

i i i W i

| GiCmi. 18% | @ /C=0.067 | G/C=0.644 |

| Gm 17.0% | F= . O" | = SE.OQO" |

| ¥+F=m 4.0 | ¥+R= Z. 0" | Y+F= 3.0 |

| GFF= 0.0% | ¢FF=Z23.3% | {FF=23.2% |

Cm S0 saa P 1.0 30 = S0.0% Ye 3.0 30 = 10.08% DPede 0.0 gao = 0.0%

| Lana  [Width/| gie | Barvice Rate| Rdj | | BSH | L | meus |
| Group | Lanes| Reqd Used | 90 (vph) GE [Voluma| w/o | Delay | & |Hodal 1|
8B Approach E5.2  E+

|IET+TH+LT| 1271 |0.1%4 (9.193 | 2&8 | 218 | 2&8 |0.&822 | EL.Z |[*E+| 240 £

WE Kpproach 8.1 &k
IET+TH+LY| 217Z |0.471 |9.727 | 2331 | 2331 | 1556 |0.668 | #.1 |*k | 526 Ik
EE ERpproach la.8 E+

| ET+TH | 2352 |0.43% 0.£38 | 2081 | 2021 | 1467 |0.T05 | 128 | B+ s02 £Ej
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WOLERH COSEFOH THEEIS 03726/ 0&
INT. 1115 - SILIVRIFAFI - OFF-FEAE 23:1&:14
CTCLE LEWZTH 51 — HEW COOHTE

SIGHALZO00/TERPAC [Var 2.60.07] - HCM Input Workshaat

Intsrssction £ 115 — 1115 SILIVEIEAPI Araa Location Typs: HOHCED
| | | 1 | Ey: WVOLIMES -- =
| 50 | 248 a g | | WILDTHE
| 0.0 ] 21.3 | 0.a |1 | w LAHEE
| Qo 2| ool e
| | | 1 5 143 a.o0 0

---------- == ! I % R it i i i s

- 13 21.4 2 I

EEEETETEETEETETETE e————————————————————— I

B oo o0 + ! 125 0.0 0 Horth
——————————————— e o e I
0o B2 1 -
——————————————— == % | f ————
33 a.o o oy |1 | | |
————————————————— |1 | 710 o :E']:L:r.llj:lg' EEQOIEHCE 17
| oo 22,3 1 0.0 | FEFMEY HH H H
| Il o z o OVEELF ¥ ¥ T ¥
| 1 | | | LEADLAG LD LD
=15 WE HE EB
ET TH LT RT TH LT RT TH LT KT TH LT

Baavy vah, sHV 4.0 4.7 L B E I .0 5.8 NI T | N .0

Fk-hr fact, PHF .2% .85 8% .@% .a5% .g% .51 m .m M .54 .5

Fratimed or Aot F E F E F F F F E E F F

gtrtup lost, 11 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3

Ext aff grn, a 2.7 2.7 2.7 7 7 o7 27 o2 2.2 2.2 2.2

hrrival typ, AT 3 3 3 3 3 3 3 3 3 3 3 3

Fad wal, wpad 20 20 20 20

Bike wol, vhic 0 0 0 0

FParking locatns Ho B HO B

Fark mrorrs. Ho u} u} u} ]

Bus stops, HE u} o i} ]

Grada, WG -4.7 7 2.1 0

8317 | Phasa 1 | Phase 2 | Phase 3 | Fhasa 4 | PFPhasa 5 | FPhasa & |

l--llr-ll- ______________________________________________________________

| & # | - | I | | I

: | & # | | I | | I
fly e ® | aEEEE I | | I
| | W | | - I | | I

| I - | v | Pk I | | I
Horth | + | | I | | I
| I + | | e I | | I

I + e e W I | | I

c= 51| &= 2&6.5" | 2= 10.0" | &= 5.0 | &= .a" | &= 0.0 | &= 0.am |
| T+R= 4.0" | T+R= 2.0" | T+R= 3.5" | T+R= 0.0" | Y+R= 0.0" | Y+R= 0.0" |
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VOLERH COSFOH THEE2IS 0326708
IMT. 1115 - SILIVRIEAFI - OFF-FEAE 23:16:14
CTCLE LEHGTH 51 - HEW COOHTSE

SIGHALZ000/TERFAC [Var 2.60.07] - BCM Voluma Adjust & Eatflow Worksheat

Voluma ZB WE HE EE
Adjustoant RT TH LT RT TH LT ET TH LT ET TH LT
Voluma, W 50 848 0 143 113 125 o 70 0 33 L 1
Fk-hr fact, FHF .85% .2% .85 8% .8% .g8% .51 .51 .51 .5 5
Adj v flow, wp 56 853 0 181 127 140 o 7a0 0 35 0
Lare group, L& ET+TH ET+TH+LT TH RET+TH+LT
rdj Lz flow, w 100% 428 a0 s

Frop LT, FLT .naa L H2T L0ao .514d

Frop RT. FRT L0586 T oo 488
Saturation b=1-] WE HE EB

Flow Rata RT TH LT RT TH LT ET TH LT KT TH LT
Basa satflo, so 1881 1851 1881 1881
Mupbar lanas, H 2 2 2 1

Lane width, £W .B55 . BET ez LB73
Haawy wah, fHY 955 . 585 L5 LETL
Grada, fg 1.023 LBEn .5ay 1.000
Farking. fp 1. 000 1. 000 1. 000 1.000

Eus block, fbb 1. 000 1. 000 1. 000 1. 000

hraa typs, fa 1. 000 1. 000 L0ao 1. 000

Lana util, fLO 850 L5560 -850 1. 000
Laft-turn, fLT 1. 000 Chad 1. 000 275
Eight-turn, £RT e 544 1. 000 B34
FadEika LT, fLpb 1. 000 1. 000 1. 000 1. 000
FadEika ET, fRph L 999 g 1.000 70
Loczl adjustent 1. 000 1. 000 1. 000 1. 000

adj satflow, = 1325 na? 3285 1418
SIGHAT2000/TERFAC [Var 2.60.07] - HCM Pad-Eiks LT Effacts Workshaat

Imput /Calculation EB WE HE EE
Effactive pad grean tima, gp N 5.0 .0 10. 0
Conflicting pad wolums, Vpad 0 20 0 20
Fad flow rata, Vpadg elel 204 . 000 Looo 102, Q00
Avg. pad cocupanoy, OCCpadg L0on .10z . oo .051
Cpposing guaus olear time, gg L0on .oon . oo afule]
Cpposing guaus g ratio, ggigp Loon . oon M elali) L elule]
Pad ocoo after guase, OCCpadu Loon .10z .oog .051
cpposing flow rata, Vo 0 ] i} 0
Balawvant ococupanay, OCICT L0on .10z . oo .051
£ racaiving lanes, Hrac ] 2 u} 2
£ turning lanas, Wtarn ] 1 u} 1
Adjustment factor, ApbT Loon Nk M elali) LBES
Froportion laft turns, FLT Loon L5227 .oog .514
Frop LT in prot phasa, FLTA Loon 1. 000 M elali) 1.000

Fad-bike =adjust factor., fLpb . oon 1. 000 .ooo 1.000




161

WOLERH COSEDH THEEI=S
INT.

CTCLE LEWGTH 51 - HEW COOHTE

SIGARLIO00/TEAFAC [Var 2.60.07] - BCM Fad-EBiks ET Effacts Workshaat

Imput /Caloulation

Effactive pad grean tims, gp
Conflicting pad woluma, Vpad
Conflicting biks wolumas, Vhio
Pad flow rats, Vpadg

hvg pad oocupancy, COCpadg
Effactive biks gresn time, g
Bika flow rata, WVbicg

Avg bike ococupancy, O0IChicg
Ealavant ocooupancy, OICT

£ racaiving lanes, Hraco

£ turning laness, Wturn
hdjustrant factor, ApbT
Froportion right turns, PR
Frop RT in prot phasa, FRA
Fad-bikas adjust factor, fRphb

1115 - SILIVRIFAFI - OFF-FEAE

3g.45
L019
28,9
.oon
Loon
L0l

102, 000
0B
2.4
.oon
000
0B

SIGHATLZO00/TEAFAC [Var 2.60.07] - HCM Capacity and LOog Workshaat

Capacity g2B
Analysis ET TH LT
Lame group, L FET+TH
hdj Flow, v 100%
Batflow, = 3325
Lost tima, tL 3.6
Effact graan, g 26. 9
Grn ratio, gfcC BT
LZ capacity, o 1754
wio ratio, X L5715
Flow ratio, w/s .303
crit lama group "
2um orit wis. To 0.4%1
crit wfo, Mo JB23

RET+TH+LT
428
naw
I8
2.4
i
515
-S|

02/26/08
23:1&:14
HE EE
.0 5.0
] 20
i 0
. aoo 204, 000
.ano L1002
.0 4.9
.ano Qoo
. aoo Qo0
.ano L1002
i 2
i 1
Qo0 .93%
. aoo L4828
.aoo L0000
. aoo 270

EE
kT TH LT

ET+TH+LT

T2

1418

3.6

4.9

L0RE

138

E29

.05
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WOLERH COSFOH THESIZS
INT. 1115 - SILIVRIEAFI - OFF-FEAE
CTCLE LEWGTH 51 - HEW COOHTE

SIGHALZO00/ TEAFAC [Var 2.60.07] - HCM Capacity and LO8 Workshaat

LZ capacity, o
wio ratio, X
Grn ratio, g/C
Unif delay, d1
Incr calib, k
Incr delay, d2
Duana Delay, d3
Onif dalay, di+
Frog facktor, FF
cortrl dalay, d
Lana group LOE
Final Cueuas, Jbi
Appr dalay, dn
hApproach Log
hppr flow, wA

ET+TH+LT
428
515

.23
i
20. 8
5O
14.4
.0
.0
1.00
5.1
CH-

02 26/08
23:1&:14

RET+TH+LT

12
136
52y
L0586
Z2.0
il
14.10
N
N
1.00
5.9
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WOLERH COSEDH THEEIZ
INT.
CTCLE LEWZITH 51 - HEW COOHMTE

1115 - SILIVRIFAFI — OFF-FEAE

SIEARLZ000/TERFAC [Vaxr 2.60.07] - BCHM Back of (uwaue Workshaat

Cuauss in 2B
Worst Lanes BT TH LT
Lana group, L& FET+TH
Init quauva, CbL u}
Ln flow, wL 531
Ln =atflow, =L 1750
Ln capacity, oL 823
Flow ratio, yL .303
vio ratic, ML LE5TS
Effact graan, g 26. 8
Grn ratio, gfC 82T
opstr filtar, I 1.00
Zrn arrivals, F .53
Flatn ratio, Rp 1.00
Frog factr, PF2 1.00
Cuene (lsk) . 01 5.1
tuans facktr, kB T3
Cuans (2l 02 1.0
hvg quaua, O £.1
%08 factor, fE 1.65
0% guaus, Op 10.4d
Avyg spacing, Lh 20,9
Avail storg, La u}
Avyg distanca 127
Avyg ratio, RQ .00
S0% distzncs 20%
80% ratio, ROQp .o

WE

ET+TH+LT

0
225
1848
271
L1237
LB
2.4
L1865
1.00
L1E
1.00

O3s26408

23116

ET+TH+LT

0

b
1418
12
.05
B2
1.9
056
1. 00
.10
1. 00
1. 00
1.0
.19

114
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WOLERH COEFOH THESIE 03/26/08
INT. 1115 - SILIVRIFAFI - OFF-FEAE 23:16:14
CTCLE LEHGTH 51 - HEW COOHTE

SIGHALZO00/TERAPAC [Var 2.60.07] - Capacity Analysis Summary

Intarsaction Averagas for Imt £ 115 - 1115 SILIVRIEAFI
Dagras of Baturation (wfo) 0.58 wehicle Dalay 14.7 Laval of Sarvics B+

8q 17 | Fhasa 1 | Phasa 2 | Fhasa I |
l"ilr'll' ________________________________
| & # | - | |

. I - - I i'i'ii-l I
Fly = # | L | |
| | v | b | - |

| | - | v | Fri |
Horth | + | | |
| | + | | i |

| + (R=1 2w |

| Gfo=0.520 | &fc=0.1%9& | Gfo=0.098 |

| @= 2E.5" | &= 10.0" | &= E.am

| T+R= 4.0" | T#ER= 2.0" | T+R= 3.5" |

| oFF= 0.0% | OFF=5% 8% | OFP=83. 3% |

| Lana | Widths | gic | Barviocs Rate | .h.-:l:l | | HCH | L | owaus |
| Group | Lanas| FRagd Osad | @C (vph) 4E |Voluma| wic | Dalay | 8 |Model 1)
8B Approach 9.6 &
|ET+TH | 2142 |0.31% |0.527 | 1754 | 1754 | 100% |3.575 | 9. |*A | 209% ft|
HE Approach 2.3 &
| TH | 2242 0. 260 |2.527 | 1722 | 1722 | 7RO |0.453 | 2.3 | R | 152 fr|
WE Approach i5.1 D+

IRTHTH+LT| 21/2 |0.1&5 |0.165 | 428 | 515 | 429 0.831 | 35.1 |*D+| 149 £r|
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WOLERH COEFH THESIE 03/26/08
INT. 1115 - SILIVRIEAFI - OFP-FEAE 23:15%:03%
CTCLE LEHCTH 22 - HEW COOHTE

SIGHALZOO0/TEAPAC [Var 2.60.07] - BCM Imput Workshaat
Inmtersaction £ 115 - 1115 SILIVEIEAFI Araa Location Typa: HOHCED

| By WVOLMES -- =

| | I |
| 58 | T84 | a | | WILTH=
| 0.0 21.3 | 0.0 | | w LAHEE
| o 2 ool e iiiadadade
| | | |1 5 13& a.o oo ;
---------- - ! | % e fA
- g8 21.4 2 I
EETEETEETEEETEEE O e—————————————————-———e—— I
M a0 0 + ! 127 0.0 0 Horth
——————————————— —— i R R I
o 8.2 1 -
——————————————— == % | f =—————————
28 0.0 0 oy Il I [ I
_________________ I o] 728 0| Fhasing: EEQIEHCE 17
| |1 0.0 | 22.3 | 0.0 FEFM=FY HH H H
| I 1 o | 0 OFYEELF H H H H
| |1 | | | LEADLAG LD LD
b=1-] WE HE EEBE
RT TH LT RT TH LT KT TH LT KT TH LT
Baavy wah, REV [ 015 200 .0 0 4% a7 . .0
Fk-hr fact, FHF . T 96 . 9& (BE . BF .89 .99 w5
Fratimed or Act F F F F F F F F F F F F
gtrtup leost, 11 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
Ext aff grn, a 2.7 2.7 2.9 T T o2y o2 o2y 2.2 2.2 R
Arrival typ, AT 3 3 3 3 3 3 3 3 3 3 3 3
Fad wal, wpad 20 20 20 20
Bika wol, wvhic 0 0 0 0
Parking locatns Hi B HO B
Fark mrwrs, Ho a i} (i} ]
Bus stops, HE a o Q 0
crada, WG -4.7 7 2.1 0
8q 17 | Fhasa 1 | PFhase 2 | Fhasa 3 | Phasa 4 | Fhasa 5 | Fhasa & |
l--ilf-ll- ______________________________________________________________
= * I - | | I | |
: | * W I | | I | |
fA = o* I whEEE | I | |
| I v I | - | I | |
| | - I w | Fe | I | |
Horth | + I | | I | |
| | ¥ I | T | I | |
| ¥ 1] e w | I | |

c= 827 &= 47.5" | @= 1B.0" | &= T.0° | == .o | &= g.o" | == 0.a" |
| T™#R= 4. 0" | T+R= 2. 0" | T#R= 3.5" | ¥+R= 0.0" | ¥E= 0.0" | Y+R= 0.0" |
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WOLERH COEFTH THEEBIZ

INT.

CTCLE LEWCTH &2 - HEW COTHTS

SIGHALZOOOSTERPRC [War 2. 60, 07] - HOM Volume REljust & Eatflow Worksbeet

Vo lums
Adjurtmant
Volums, W
Pk-hr fact, PHF

faturation
Flow Eats

Bass satflo, ao
Huopb=sr lanes, H
Lane width, W
Bazwy wah, H
crada, fg
Parking, fp
Bus block, fbb
hraz type. L=
Lane util, IO
Laft=-turn, LT
Right-turn, fRT
kadEike LT, flpb
PadEike RT, CRpb
Local adjustnnt
hdj extflow, o

BIGHRLZONOSTERPAC Var 2. 60.07] - H3M Med-Elke LT Effects Workshast

ap
kT ‘TH LT

tg Tad4 0
149 a

1.000
593
1.000

J364

Input/Caloulat lon
Effective ped gresn time, gp
Conflicting ped volum, Vpad

Fad flow rats,

Vg

hvg. ped oocoupancoy, GOCpsedg
Tppoeing quate claar ties, g9
Tppoeing quaue g ratic, g3igp
Pad ooo aftar quete, CCCpadu
Oppoeing flow rats, Vo
Falavant ocoupanay, 00T

#f reacalving lanes, Hrao

§ turning lanas,

HEurn

Adjustment factor, ApbT

Proportion laft turns,

FLT

Prop LT in prot phase, DLTA
Pad-bika =djust factor, fLpb

1115 - BILIVRITAEDI - OFF-FERE

HE
ET TH LT
1z& ag lav
OE JBE 96
14z 1oz 1=z

ET+TH+LT

. a5y
. Bgs
. aay
elils)
elils)
1.000
. 850
. Bgz
.84z
1.000
. 90
1.000
alns

ET

HE

TH

LT

LU

.99

.99

0 75

.o7a
.953
.9g48

[

(=

el
el

i lsli

-850

[N TR

3

R lsll
R lsll
R fsl
R fsl
R fsl

253

EB
.0

a

R fsl
R fsl
i lsli
i lsli
R lsll
a

R fsl
a

a

i lsli
R lsll
R lsll
R lsll

WE

T.0
20
234. 238
.117
L
L
.117
a
-117
2

1

. B0

. 381
1. 000
1. 000

EE
RT TH LT
a8 o 24
- FE T I
23 a 3

ET+TH+LT

64

.E47

453

EE
RT TH LT

1291

1

BT

. %65

1,400

1. 400

1. 400

1,400

1.400

973

. 939

1,400

.68

1. 400

141¢
HE EE
.0 12,0
a 20
elils) 51.111
elils) . dE
00 el
00 el
elils) . 0dE
a a
eli]s) .OdE
a 2
a 1
00 973
elils) .E47
elils) 1.400
yelile) 1,400

QIFEESOE
23: 1503
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WOLEERH COSEDOH THESIS

INT.

CICLE LEWCTH 2 - MWEW COOHTS

1115 - BILIVEIEARDPI - OFF-FERE

BIGHARLZO0O/TERPRC [War Z.60.07] - HOM BMed-Eike ET Effacts Workshast

Irput/Caloulat lon

Effective ped grean time, gp

Conflicting ped volume, Vped
Conflicting bike volums, Vbic

Fad flow rats,

Vpsdg

kvyg pad ccoupancy, OCCpadg
Effective bike gresn tims, g
Blka flow rate, Vblog

kvqg bika oooupanay,

OCChicg

Falavant oooupanoy, COCT
§ racsiving lanes, Hrao

§ turning lana e,

HEurn

Adjurtmant factor, ApbT
Proporticn right turns, FR
Prop RT in prot phass, PRER
Pad-bika adjust factor, CRph

ZB

47.5
z0

0
34.526
017
47. 49
000
000
017

.8930
.0EE
000
.9349

WE

lag.0
20

a
91.111
.de
ls.4
Q0o
Q0o
.4

-
.ITE
00
. 930

SICHELZOOOSTERDRC [War 2Z.&0.07] - HOM Capaolty and LOE Morkahest

Capacity
Enzlysis

Lana group, LG
Rdj Flow, w
fatflow, &
Logkt tims, tL
Effact grean, g
2rn ratic, gic
LZ capaclty, o
wie ratio, X
Flow ratls, w/ie

Crit lane group

Bum orlt wis, Yo
Crit wfo, Ko

=1
ET TH LT

KT+TH
aTe

3364
3.8

WE
ET TH LT
ET+TH+LT

ITe
alog
e
le.4

L 200
BIE

. BOE
1zl

L]

Total lost, L

HE
ET TH LT

TH
TEE
J2%3
i
47. 9
.5ed
1324
.3ga
.d23

QIfZef 08
23119z 03
HE EE
. 7.0
a 20
o 0
Q00 234 . 286
e lils] 117
.0 £.9
Q00 el
Q00 el
e lile) 117
o 2
o 1
yslils) .530
e lile) 453
Q00 el
Q00 968

EE
ET TH LT

ET+TH+LT

&4

141&

36

£.9

.0ed

115

538

. 0dE
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WOLERH CCEFOH THESIS

INT.

CICLE LERCTH 82 — HEW COTHTS

1115 - EILIVRIEAPI - OFF-PERE

SICHRLZODOSTERIRC [War 2. 60.07] — HOM Capacity and LO2 Workshest

Do lay
ard o8

Lana group, L
Raj Flow, w

LG capacity, ©
wic ratio, X
Zrn ratioc, gic
Unif delay, 41
Incr calib, k
Incr dalay, 42
(usua Dalay, a3
Unif delay, dl+
Prog factor, DF
Contrl delay, 4
Lana group LOS
Final Quaue, gbi

Approach LoE

t=1-3
ET TH LT

RT+TH
aTh
1365
LA4T

WE
ET TH LT
ET+TH+LT
e
Bl

HE
ET TH LT

TH

TiE
1524
.3ga
584
2.l

QIFEES 06
23115z 03

EE
ET TH LT
ET+TH+LT

&4

115
.E38
Loed
I6.0

. B0
16.3
A

A

1. 00
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WOLERH COIETH THESIS

IHT.
CTCLE LERCTH 82 — HEW COOHTS

1115 - BILIV¥RIEAPI - OFF-PERE

SIGHRLZONOTERPRC [War 2. 60. 07] — H3M Back of gueus Workabest

gxgnes in gB
MWorst Lanas ET TH LT
Lana group, L RT+TH
Init quana, <bL 0
Lo flow, vL 4563
Lo satflow, sl 1770
Ln capadty, <L 1034
Flow ratlao, yL 281
wfo ratio, IL 44T
Effsct gresn, g 47 .9
Zrn ratioc, gfc B84
Opstr filter, I 1.00
Zrn acrrivals, P . 5@
Platn ratios, Ep 1.00
Prog factr, PFZ 1.00
usne [let), Gl 5.3
gxgne fackr, kB 1.10
gaxgne [(2ndh, Q2 .8
kg quata, Q 6.8
0% factor, fE 1.63
80% quaua, QOp 11.1
kvqg spacing, Lh 0.7
Avall =torg, La 0
hvg distanos 141
hkvqg ratic, EBQ Msli]
a0y distancs 223
a0y ratle, BOp an

HE
RT TH LT
ET+TH+LT

a

1as
163&
CH

. 131

. 805
16.4
200
1.00
.20
1.00
1.0G

HE
ET TH LT
TH
a
387
173232
101z
k)
.3g3
47.9
.5E4
1.00

Q3606
23119703

EE

KT TH LT

ET+TH+LT

a
64
141¢
115
.0d4E
.538
£.9
. 0Ed
1. 00
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WOLEERH COSEDOH THESIS QIfZefS 06
INT. 1115 - BILIVEIEAPI - OFF-PERE 23118903
CTCLE LEWCTH &8& — HEW COOHTE

SICHALZO00/TEADAC [Var 2.60.07] - Capacity Analysis Susmary

Interse ction Averages for Ink § 115 - 1115 EILIVRIERPI
Cogres of Exturatlon (w/ich 0.4&8 WVahlcocle Dolay 15.8 Laval of Sarvim E

8g 17 | Phasa 1 | Dhase 2 | Dhasa 3 |
i--ill'-il- . — —— ——— ——— ——— —————— —
| == i - i i

. I L I -il--li-l I
II.II'_ I.:-i W I .:-il--ll-l I
I I 7 I -il--li-l = I

I I = I L] I-il--il- I
Horkth | + | i i
i I + | | s I

i + i i v i

| EiCm0,57% | &FC=0.230 | &FC=0.085 |

| @= A7.5" | @=  1H.0" | S=  T.O" |

| ¥+F= 4.0" | T+R= Z.0" | Y+R= 3,57 |

| OFF= 0.0% | OFF=63.8% | OFF=S7.2% |

Cm B3 pad Pm TI.5 g0 = 8. 4% Ye 9.5 g0 = 11.6% DBade 0.0 gao = 0.0%

| Lana  [WidEh/| g/ | Barvice Rate| Adj | | BOH | L | (meua |
| Group | Lanes| Regd Used | @C (vph) QE [Volums| w/o | Delay | & |Modal 1
8B Approach 10.3 B+
|RT+TH | ZL/2 |0.30% |[0.584 | 1547 | 1965 | 879 [0.447 | 10.3 |[*B+| 229 |
HE Approach 9.7 &
| TH | 22/ j0.278 [0.584 | 1904 | 1924 | TA5 j0.382 | 9.7 | A | 189 £t
WE Approach M.z ©

IET+TH+LT | 21752 | 0.195 [Q.200 | 357 | &22 | 376 |0.605 | 4.2 |+0 | 1&5 £

EE Approach £E2.3 D

|IET+TH+LT| &F1 |0.147 [Q.08d4 | 4 | 7 B j0.53%8 | B3 |*D | & £E
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WOLERH COIETH THESIR Q3f2ef0E
INT. 1115 - EILIVRIEKRPI - GFF-PERE Z31 1oz 08
EXIETING

SIGHRLEODO/TERTRC [War 2.60.07] - H3 Input Workshsast

Intersaction § 115 - 1115 EILIVREIERPI Araa Locatlon Typa: HOHCED
| | | I | Hay: VOLOHES — &
i B | &74 | o jj i i WILTH=
2.0 | 2.3 | w0 gl | v LRHEES
e 2 el ————
i i i i Wo1xd ooao0 .
—————————— I \ T AT
- 115 1.4 2 |
I O O O N O O B e e T I
il .o 0y + f 12& .0 0 Horth
e o o o et OO O OO O I O |
a g.2 1 —
S — Y i r S —
35 0.0 o 5 i i i i
—_—————— e —————— 11 a | 711l | a | Fhasing: SEQUERCE 17
i (1 0.0 | 22,3 | 0.0 | DERMEWY HH HH
i il o Z | Q| GWERLE Y Y T Y
I i I I I LEADLE: LD LI
E=1-] WE HE EE

Baawy wah, SHY 4.0 4.8 .0 .B .5 .B .0 4.8 .0 2.6 0 E.E
Pk-hr fact, PHF B8 LBS B9 a4 a4 -7 &7 &7 g7 B3 B3 B3
Pratimed or Aot P P P P P P P P P P P P
gtrtup lost, 11 2.3 2.3 2.3 2.3 2.3 3.%F 2.3 2.3 2.3 2.3 2.3 2.3
Ext <ff gqrn, = a0 3.0 3.0 T T T .0 0 2.0 1.7 1.7 1.7
Arriwal typ. AT 3 z 2 k] k] = z 2 2 3 a3 =
bed wol, wpad 20 20 20 20
Blks wol, wvhio 1] Q 0 0
Parking locatne E HO B Hi:
Park movre, HE 1] [ 1] 0
Bus gbopa, HE 1] Q 0 0
Frads, & -4.7 T 2.1 il
8 17| VFhass 1 | Phass 2 | Phase 3 | Phasa 4 | Phass = | Fhass & |
L ll'-il- ______________________________
| o i - i i i i i
. | & & i LU i i i i
FlIv | =w ® i LA | i i i i
i i v i LU - i i i i
i i - i L [t i i i i
Horkh | + i i i i i i
i i + i [ i i i i i
i + i i L i i i i

Cm SO0") Cm 40.5" | Cm 17.5" | @= 12.0° | @= ©.0" | G=  0O.0" | B=  0.0" |
| ¥+R= 4.5% | Y+B= 2.0 | Y4+B= 3.0 | ¥+R= 0.0" | T+R= 0.0" | ¥4B= 0.0" |




172

WOLERH CCOFETH THESIS

INT.
EXIETING

1115 - BILIVRIFARPI - QOFF-FERE

SICHALZOOO/TERIRC [War 2. &0.07] - H3H Volume Eljust & Satflow Worksheot

Vo lums
Adjustmant

Voluma, W
Fk-hr fact, PFHF

faturation
Flow Rata

Bass satflo, ao
Humbsr lanss, H
Lans width, I
Basvy vah, CHY
Grada, Ig
Parking,

Buas block, b
Araa type, fa
Lams util, LD
La ft=turn, LT
REight-turn, IHT
MadEike LT, TLph
MadEiks RT, fRphL
Local adjustrnt
Rdj satflow, 8

ap
ET TH LT
B0 274 a
.85 g9 g9
Ee S&2 a
HET+TH
1032
sl
054

ET TH LT

1281

.9EE
.95
8k
000
gl
gilsli]
.3E0
1.000

. Fa3
1.000

.59
1.000

JAZ3

[

HE
ET TH LT
134 115 12&
-F I -

143 12z 134
ET+TH+LT
399
k1
. 3EE

HE
ET TH

a Tl1 a
BT .87

LT

=
= o
L o |
= S

Rl
=
o
=

BIGHRLZ00O/TERPRC [War 2.60.07] - H3M Ped-Eika LT Effacts Workshast

Impat/Caloulation

Effective pad gresn time, gp
Conflicting ped wolume, Vpad

Pad flow rata, Vpadg
kvg. ped oocoupanoy, OCpedg

oppoeing quane claar tims,

99

ppoeing quaue g ratle, g9gigp
Pad oo aftar quaue, CICpadu
ppoeing flow ratae, Vo
Falavant oocoupanay, SO0

¥ rexiving lares, Hrao

§ turning lanae,

Heurn

Adjustmant factor, ApGT

Proportion laft turns,

FLT

Prop LT in prot phass, DPLTR
Pad-bika adjust factor, fLpb

&B
.0

o
a0
STl
a0
a0
S leli]
a
STl
L

a

S leli]
a0
STl
el

1.0
a0

133, 333

. 0ET
. 0o
. 0
. 0ET
o

. 0ET
2

1

. B0
1
1. 000
1. 000

QIfaef0E
23110 0%

EE
RET TH LT
as a |
B3 B3 .83
47 a w

ET+TH+LT

a4

.4 40

.S60

EE
RET TH LT

1241

1

BT

. 959

1.000

1.000

1.000

1.000

1.000

.578

934

1.000

974

1.000

1400
HE EE
.0 17.5
a 20
e lils) 91.42%
slils) .0dE
e lils) el
yelils) el
gslils) .OdE
a a
slils) .0dE
Q 2
a 1
gslils) 973
e lils) 440
slils) 1.000
e lils) 1. 000
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WOLEERH CCZFOH THESIZ

INT.
EXIISTIHG

1115 - BILIVERIERDPI -

OFF-PERE

SICHMAELZOOO/TERATAC [Var 2.60.07] - H3d Dad-Bikae ET Effacts Workshoot

Input/Caloulat ion

Effactive ped gresn time, gp
Conflicting ped volum, Vpad
Conflicting bike volums, vhic
Pad flow rate, Vpedg

kwg pad oooapancy,

deCpedg

Effective biks grean tims, g
Biks flow rate, Vblog

kvqg bika ocoupanday,

GCChbicg

Falavant oooupanay, OO0T
# recelving lanes, Hoao

§ turning lanas,

HEurno

hdjustment factor, ApbT
Proportion right turns, PR
Prop RT in prot phass, PR
Pad-bike adjust factor, fRpb

=B

40.5
Z0

39,506
.0Z0
41.2
o0
0G0
L0z0

928
.54
el
L9549

17.5
20

9l. 429
.0dE
15. 4
S]]
ST
.04

973

. 00
. 930

BICHALZONO/TERTRC [Var 2. 60.07] - H3M Capacity and LOE Worksheat

Capacity
Enalysis

Lana group, L&
hdj Flow, w
gatflow, »
Lost time, EL
Effact grean, 4
Zrn ratic, gsfc
Le capacdity, ©
vio ratio, X
Flow ratlo, w/ie

Crit lana group

Sum orlt wis, Yo
Crit wfo, Hao

ae
KT TH LT

RT+TH
103e
3323
a8
41.2
.E15
1711

WE
R TH LT

ET+TH+LT
399
2130
ik
15.3

. 195
622

.64l
. 127

Total lost, L

ME
ET TH LT

TH
g1
326
3.8
41.2
515
ls3g
421
248

03/ 26/ 06
231 10: 06
HE EE
@ 12.0
@ 20
@ 0
000 123, 333
e 06T
@ 11.4
000 000
e 000
T 06T
@ 2
@ 1
e 560
000 560
e 000
00 978

EE
RT TH LT

RT+TH+LT

24

1400

3.6

11.4

142

193

e

B0
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WOLERH CC2EOH THESIS

INT.
EXIETIEG

SICHELZOOO/TERPRC [War 2.60.07] - H3M Capacity and LO8 Workaheat

Dalay

and Lia

Lans group, LG
£dj Flow, W

L: capaclty, o
vio ratio, X
@rn ratio, gfC
Ooif delay, d1
Incr calib, k
Incr delay, d2
uane Dolay, d3
Opif dalay, 41+
Prog factor, DF
Contrl delzy, d
Lana group LOE
Final Jusns, bd

1115 - BILIVEIERPI - OFF-FERE

WE
ET TH LT
ET+TH+LT
303
622
. 641
. 199
29.4

ME
ET TH

TH
817
1638
-4g1
.E1E
12.5

QIfzef 06
231 10: 0%

EE
RT TH LT

ET+TH+LT
a4
1493
e
143
3l.3
. B0

6.4
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WOLERH COSEDH THESIS
INT. 1115 - BILIVEIFRDI - OFF-PERE

EXIETING

SICHRLZONOSTERPAC [War 2. 0. (7] — H3d Back of (ueus Workibest

gaxgnas in
Worst Lanss
Lane group, L&
Init quama, ObL
Ln flow, WL

Ln satflow, al
Ln capaclity, oL
Flow ratlo, yL
vio ratio, XL
Bffsct grean, g
Grn ratioc, gifc
Opstr filter, I
zTn wrrivals, P
Platn ratis, Rp
Prog factr, FFZ
gmogne [ lath, @1
e facte, kE
uosne [andy, g2
kg quava, Q

a0y factor, B
50% gqueue, Op
hkwqg gpacing, Lh
kvall storg, La
Ayg ddstanos
kwqg ratlc, B3
0F ddstanom
30y ratio, BOp

(=1-]
ET TH

HET+TH
a
= 1
1743
501
. 212
e
41.2
.E15
1.00

WE

ET TH LT

ET+TH+LT

a
216
1647
37
17
. 641
15.3
. 199
1.00

HE
ET TH

TH

a
4320
1735
854
248
421
41.2
.15
1.00

QIfzef 08
231102 0%

EE

KT TH LT

ET+TH+LT

a
a4
1400
143
el
433
11.4
142
1. 00
.14
1. 00
1. 00
1.7
.34
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YWOLERH COEFOH THESIS QIfIef0s
INT. 1115 - BILIVRIEADI - OFF-PEKRE 231 10: 08
EXISTING

SICHALZO00/TEADAC [Var 2.60.07] - Capacity Analysis Susmary

Interssction hvarages for Int @ 115 - 1115 EILIVREIERPI
Cogres of Saturatlion (w/cy 0.56 Waehicls Delay 18.7 Laval of tervim E

B8 17 | Phasa 1 | Dhase 2 | Dhasa 3 |
i--ill'-il- S —————— ——————————— — ——
| = i - i i

. I L I -il--ii-l I
ll'l'. I.:-l w I .:-il--il-l I
I I 7 I ii--ii-l = I
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1102 B — Ahirkap1 Intersection — B, PM Peak, Existing

HCM Signalized Intersection Capacity Analysis
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1102 A — Ahirkapr Intersection — A, PM Peak, Optimum

HCH Sipnalizad Interseclion Capacity Analysis
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1102 B — Ahirkap1 Intersection — B, PM Peak, Optimum

192

HCM Signalized Infersection Capacity Anahysis

3 Int (Fe. O 2002
e T
Fovermant EEL EBR HEL HKEAT EBT EBF
Lone Confguraions e B B L
Ideal Aow (vphpl e 1=ed 1389 1R 1504 1884
Lo W dih 4.4 2.6 s a3z  an s
Groda (4] - 1% =, 8 4
Tkl Loest brmes |55 a3z a3 a3
Lors LHL Fachor 1 480 0&s G.0s
Fri =y 1220 1.00
FH Froviearied (18 120 1.00
Sobd Aow (prots 164 AoE ZZAE
FH Farmibed (18 120 1.00
Sobd Ao (pssam] 16E4 oS BB
W olurmee fephi] 21 1g2 o B 1400 Q
Foak-houriecior, FHF 071 008 OO0 053 OBE OE
&d]. Aow (vph) 114 174 o o4 1=0d Q
FTOFR Asduckon fph) T 0 [x] [x] 0 [a]
Lo Group Flow vph] 241 0 o o4 1=0d Q
Hudvy Vahicles (4] %% 0 O o Fn N
Tum TyE&
Privisarisd Phasss z 1 i
Formitied Fhoses
Actusted Greasn, A (5 130 Ao S0
Eflecive Graen, ais) 127 1.7 EiT
&chuahed g/ C Rabio 042 s ova
Cleamnce Tims (5] o aoc  an
Lors Grp Cap ph) oot HATS I
ws Fabo Prot 20,13 02w wodl
w's Fabo Pam
win Fabo oz 0= GOET
UnForm Cesday, di e aT =1
Progreasion Faolor | G0 122 111
Incramentl Delwy, o2 126 s 1.0
Cuilay [5] 404 4.9 ET
Level of Servic e (] & &
&pproach Cesday (5] 404 4.9 ET
&pproach LS (] & &
ImErsecbon SUmmany
HCM Bverags Comdl Delay 0z HC M Lasagd of Egrdos &
HCM Voluma #o Capaacily ratic o.B=
& uahed Cyola Langth [£) i = Eum of kgt bma |5 65
Imersecbon Capaxily LHkzalion 0,35, 1GU Lavel ol Service E
&nakgsis Pared [ming [
o Crifcal Lora Smoup
Eassding Synchmo & Rapart
ISBAK MC. Page 1




1115 — Silivrikap: Intersection — Off-peak, Existing

HCM Signalzed Inferseclion Capacity Analysls
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1115 — Silivrikapi Intersection — Off-peak, Optimum C=51

HCH Signalized Inlerseclion Capacily Analysis
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1115 — Silivrikap Intersection — Off-peak, Optimum C=82

195

HCH Signalized Infersection Capacily Analysls
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1162 A — Unverdi Intersection — Off-peak

HCM Eignalizad Inlerseclion Capacity Analysis
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1163 — Yayla Intersection — Off-peak

HCM Signalizad Inlerseclion Capacily Analysis
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1164 — Kocasinan Girisi Intersection — Off-peak

HCK Signalizad Intersection Capacity Analysis
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1165 — Sirinevler Intersection — Off-peak

HCM Signalzad Inlerseclion Capacity Analysis
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APPENDIX D: OUTPUTS OF THE SYNCHRO PDM ANALYSIS

1109 — Sarayburnu Intersection — AM Peak, Existing
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1109 — Sarayburnu Intersection — AM Peak, Optimum
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1109 — Sarayburnu Intersection — PM Peak, Existing
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1109 — Sarayburnu Intersection — PM Peak, Optimum
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LCS C & &

Approach Ceday 20 54 )

&pproach LOS C & &

Qusus Langh 50 [m] 167 438 &7

Qusus Lengih 056 [m] 334 SEE 100

Imiemial Link Cést {m]  1B0LE 022 1200
Eazding Synchmo & Ropoit
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Lanes, Volmeas, Timings

2 Int . 4 2005
S T T B R

Lons Group EEL EBA HMEL HABT EEBT =EBF

Tum Exy Lenghhiim)

B Capacily fph) 30 o= 2435

Slarvation Cap Asduchn 5] Q ]

Spilback Cap Becucin 27 Z3 a

Sicrage Cap Redurin 5] Q a

Faducsdw's Aolio 0E=s ez Q17

Imersachion Surmimary

Eran Tyoa: e

Cydle Length: 77

#chusted Cyola Lenath: 77

Oifset: 0005, Ralerencad bo phass 2EBL, Star o G

Mabral Syole 45

Corired Typs: Pretimed

Meximum wo Rabo: 062

Imensection Signal Clay: 6.5 Inbenssoion LOS: &
Imsrsmchion Capaciky Likzaion T6.0% ICU Level ol Servics O
&riakysis Pared [min) 12

Spisand Prasss. X ik

e —— T Si—

Eazzdine Synchro & Fopoit
ISBaK MC. Fage 2




1102 A — Ahirkapr Intersection — A, PM Peak, Existing

Lanes, Wolmas, Timings

1102 I o 2002
L e

Lors Group EEL EBEGA HMEL HKAT BET =BF

Lone Configurmlions 5 1+

Ideal Row dephpli 1B 1= 1881 1B 138 180

Lors ‘W idih gm i AB 3% aE Az iE

Groco [ oA (= S 1

Storage Langth imi oo oo o0 oo

Siorage Lanss o ] i a

Totol Loat Tima (a1 I3 aAs 37 A& an iz

Lieading Csdechr [m) B0 18D 150

Traiing Debschar fm) 0o o 20

Tumirg Epesd [lh] == i5 25 s

Sobd Aow (proth [x] 0 8z Mo HEE1 [x]

FH Farmibed 0, 950

Sobd Aow ip=sam) Q 0 q802 Tres 3351 Q

Fight Tum on Bed b Yas

Sobd Aow (FRTOF] ]

Link Spsad J&'h) £ EG 50

Link Cistanes imi it 4.0 =4

Trarssd Time (35 147 14T £8

W ol e Bl [x] 0 i BFZE 1410 4=

Cond. Pads. (Fhr

canl. Bkes @nrn

Prak How Facrlor 0o C9@ OB 0% OB CBD

Growth Faordor 1008, 100RG 1005 1004 100 1005,

Hewy Vahiclas [3] oA B 5 2. & O

Bus Blookmdes (£ hr) Q 1} Q Q 0 Q

Parking @hr)

R id Biock Troffic (%) o8, (= T 1

Lors Eroup Flow dvph) [x] 0 HE Q= 5B [x]

Tum TYpa Prok

Prvieoisd Fhasss i 1 2 2

Pormitied Fhases

Carleorior Friasss i 1 & 2

Einimumi Inkal |5 4.0 4.0

Minimum Splk [5) BS i}

Totol Splt o) 0o o0 230 030 E00 0o

Tokol Spii () 008, CF Z50100.08, TEIR. 005

Yallow Tima (51 20 a0

&LFRsd Tima |5 =] 1.0

Leacf Lag Laad Lag

Lead Log Cpbmize? Fige Wigm

Fecal Mods [ Lh [l

&t Effol Grgan 5 07T 2o E£7T

Echushod ' C Fabo o 100 o7

wo Rabio OF 0EE OED

ol Cadry 450 24 @3

Zusus Daloy 0o 0& oo

Totol Diolewy 450 34 @3

LS C & &

&Approach Cslay BES w3

Approach L3S & &

2sie Langih 5D [m) ZHE T TV

Qusus Lengh 850 [m) magEe 35d  GEQ

Imlermaal Link Cisl [mi] 180 BnS Ti4
E:asaline Eynchio & Fapsoit
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Lanes, Volmeas, Timings
1102: Inl 004 200

E-I—
g A

A
Lons Group EEL EBR
Tum Exxy Lengih im)
Base Capacity eh)
Starvalion Cop Reducn
Spilback Cap Feducin
Sierage Cap Redusin
Reducsdw's Ao

Imsrsmchion Surmmany

e Typa: Ofher

Cyola Langth: 52

Bohuaied Cyola Lergth: 92

oifget: 12 {13%], Reforerosd io phiass B:, Slart ol Sresn

Maboral gl 45

Coniral Typs: Fretimed

Pl m imrm w Faboc CLER

Imersechon Signal Celay: B S Inberseoriion LTS A
Imiersechion Capacily LHoion =0.3% 1L Leved ol Servios: B
&nakesis Pancd [min] 15

m Wolumstor 85 percani e queus B metered by upsirsam @gnal.

-:-:-:-ﬁ I"'l
-:-:-:-E !_"'
O

]
ig
4
E

Splis and Prasss: 1102 ik

e —

Eazading Synchro & Ropoit
ISB&K M. Page =




1102 B — Ahirkap1 Intersection — B, PM Peak, Existing

216

Lanes, Wolumas, Timings

3 Int L= e 1]
O T

Laors Group EEL B3GR HEL HKBT EET EBR

Lone Confgurmions ol - Y N

Ideal Aow fvphpli B 159 1809 1Bed 1504 1884

Lores @i dih {m) 4.4 B = i3 an iE

Groca () -1 AL 1

Storage Langth imi e o i) ng

Siorage Lanss i 0 Q =]

Tikol Lot Time (5] 3% aa 3= R iz

Leaiing Cobmcbor [mi) ) 1S 150

Traiing Debschor [mj oo oo Qo

Tuming Epesd [kh) e 15 as [

Sobd Aow (prot) =4 0 O 340 ATEE =]

FH Permi e 2.8

Sobd Aow (pssam) B4 0 2 340E X°HE =]

Fight Tum on Red iz -1

Sotd Aow (RTOA] [

Link Spsad (&'h) 5 B G0

Link Cishoros (m) e 1362 204.0

Trevssd Tima (s) 4.7 L1 147

W ol fephl 21 g2 o B 1400 =)

Cond. Pads, (3hn

Cond. Bkes Fhrh

Pk Howr Farlor D71 Qsa QB 0% QBE QB

Growth Fascror foeode 100 1005 100%, 100 DA

Huws Vahiclas [3] [ L O e HL O

Bus Blocknaes (¥ hr) [x] 0 [x] =] 1} =]

Parking @)

R Biock Troffic (30 [ [ 1

Lors Group Flow oqph) 252 1] o o4 sl [s]

Tum Typa

Prviecisd Phasss z i i

Formitied Fhasos

Carlsrior Phiasss z 1 i

Minimum Inkal {55 4.0 40 40

Minimum Spik (5] 150 ano 0.0

Tkl Splt =5 iag o0 0o TAOS TAD 0o

Tiokal Sl (] 20.7% ol 0005 TRAN TG 005

el bow Tima (5 a0 a0  Z0

&-Fed Tima |5 1.0 1.0 1.0

Lo Lag Lag Lead Lead

Lead Log Cpbimize? Yoz ez Yes

Focal Mods Pl e Bdoe P

&zt Effct Grean (30 BT BOT EQT

&chuahed o' C Fabo nAaT Qe OTE

wi Fabo [T irir 02 Gbd

Cuniol Dalay 43T 4.3 4

ieus Delmy e} Lo o

Tkl Diadary 437 4.3 4

L= n] & B

Approach Colay 437 4.3 =

Approach LS ] & &

st Lengi 50Hh [mp 401 R0 E0.0

Qusus Lenghhi 50 [m] 400 3i8 =53

Imlsmal Link Cést fm] 180 023 1200
E:asdine Eynchm & Fapit
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Lanes, Voumes, Timings
3 Int e e 1]

A oot
Lans Group EEL BEBRA HMEL HET EET
Tum Exy Langh im)

Bese Capacily fvph) ave a8
Siarvabion Cap Aedicm O
Spilback Cap Recucini 5]
Siorage Cap Fedurn a
Feducsdw's Ario rinird

Imiersecbon Summary

Erea Tyoe: oher

Cyola Langth: 52

Echuated Cyola Length: 58

Cifset: O (0%, Felersnced bo phass 3EBL, Star of Graen

Mobral Cyole: &0

Cunirdd Typs: Fretimed

P oo LT 'whe Feabioc O

Imersechon Signal Cslay: B9 Inbarseciion LICS: &
Imersecton Capaily LHikzalon £0.3% IGU Lovel ol Ssrvios B
&nakpsis Parked [min] 15

Splis and Prasss: ik

S —————— ti—

Eazsdne Synchm & Repart
ISB&K MZ. Page 2




1102 A — Ahirkapr Intersection — A, PM Peak, Optimum
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Lanes, Volmas, Timings

1102 Ind o Z002
R e

Lors Group EEL EHRA_ WBL HWAT =BT EEF

Lone Configurmions % 1+

Ideal Aow dvphpl B 1= 12391 199 1881 1804

Lors'Widh im] it 2B s iz 3ag s

ruda (%) =, oL (g

Slorage Langth om e o 0o 0

Slorage Lanes =] a0 i =}

Tkl Lot Time: (5] iz I 3z R 3z

Leaaing Cebachr [mi) 50 1RO 15D

Tredirg Dabschar [m) 0o oo on

Tuming Epesd [kh) pra 15 az {E

Sobd Aow (prot) [x] 0 8z TMeE 561 (2]

FH Fermibed 0, 950

Sobd Aow (=) Q 0 i2me Tree 3351 Q

Figitl Tumi on Ried Wias Yo

Sobd Aow (RTOA] i1

Link Spsad &' EQ B 50

Link Cishares im 245 4.0 =4

Trerssd Tima (5 4.7 4.7 &0

Walume fphi (] 0 fiE EFZ 1410 4

Zord. Pads. (8hn

Zord. Bkos Bhr

Poak How Faclor ogE 092 OB 053 OBE  CED

Zrowth Facrdor 10e08s, 1000 1005, 10a04L 100 1004,

Haeey Vahicles (%] oA FL 3 3 F, O

Bus Blocknass (%) Q o =] =] 0 Q

Porking BN

it Biock Troffic [t = o e

Lors Group Flow dvph) Q 0 = @22 5B Q

Tum Typs Prok

Prvieoied Fhases i 12 a

Parrmitied Fhases

Cardacrior Phiasss i 12 a

Minimum InBal |25 450 4.0

Minimum Spik (o] B 200

Tokol Spbt [z oo o0 100 TIO O OEZD 0o

Tokol Spdi (] 008 CUF ZEEsi00oas Tl 0.0%

Yadbow Tima (5] 20 an

&A-Rad Tima |5 =] 1.0

Lo Lag Laad Laa

Lead Log Cpbimize? il Yam

Fecal Mods bz (k=

Jsct Effct Grean (s 57 710 447

Actushed ' C Fabs 3 100 GED

win Fabo O3 0Ez o732

Zurdral Daday a4 a4 o3

Tusue Daloy 0o oo on

Tkl Dlay a4 a4 o3

L= iz & &

Approach Ceday T oo

&Approach L3S & &

2asis Lengih 50 [m) 202 1381 £20

sus Lenghh 056 jmj mia2 3Jils 0B

Imlsmal Link Cist fm] 180 1B0LS T4
Easzline Eynchio & Rapsoit
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Lanes, Wolmes, Timings
1102 Inl

=R e 112

Ay
Lons Group EEL EHR
Tum Exxy Langih im}
Base Capacity ph)
Starvation Coap Asducn
Spilback Cap Reducin
Sierage Cap Redudrin
Feduscdw'c Aolio

| mi@ng@c Bon Surmim any

E-:-:-:-ﬁ I""
-:-:-:-E !_"'

5

focad 8+

£

Aren Typa: Oher

Cydla Length: T1
Actuated Cyds Length: T1

Mol Coynlee 45

Curiral Typs: Pratimed

M 2 imuem wio Fiabo: O 3

Imersacton Signal Csday: 0.2
Imersectbon Capacily IHkEaion £0.3%
&nakpsis Farad (min) 15

Splis and Prasss: 110 ik

Oifgek: 12 { T, Reforenosd o phass 6, Siat ol Sreen

m WVolums for 951 percard e queus B mekred by upsream sgnal.

Inbensecion LICS:A
ICU Level ol Servioe B

L —

E-azsdine
ISBAK MC.
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1102 B — Ahirkap1 Intersection — B, PM Peak, Optimum

Lanes, Volmas, Timings

3: Int 00O S
e

Lors Group EEL EBEBA HEL KT B2BT EBF

Lone Confgurmions Ll B Y S

Ideal Aow dvphpl 1881 1884 1209 199 &1 1804

Lors ‘W idih im] 4.4 ik 3£ H3 A0 s

Crode (] -1% oA (1

Shorage Langth om) oo ol 0 0o

Sicrage Lanss i ] =} a

Total Lost Tims (5] iz a3 3=z 33 a3 3.z

Lieacing Cobechr [m) 150 160 150

Trodling Debschor [m) oo oo G

Tumnirg Epesd [kh) o= i5 ac [

Sobd Aow (prot) 1B=4 0 o 340E 3IBE =)

FH Permibed =gy |

Sobd Aow (=) 1BE4 0 o 340E 3I8E =]

Fight Tumi on Fed Wige -1

Sobd Aow (RTOF] =T

Link Spaad ') £ £ 1]

Link Cistargs im s 1263 240

Travssd Time (5 147 81 147

W ol LT Bl 21 1g2 o BE 1400 =]

Cond. Pods. (Fhn

Conl. Bkes fhr

Prak How Facrlor oFi C9a O 08 GBE OB

Growth Facdor Poeofs 100 1005 1008 100 005,

Hewsy Wahicles 4] [ e O =% & o

Bus Blooknass (%) =] 0 Q =] o =]

Porking @)

Mid Biock Troffic (%) o8 [ (1

Lors Eroup Flow oph) 252 1] o 4 el [s]

Tum Typa

Priviecisd Fhases z i i

Parmitisd Fhases

Caricoior Friasss b i i

Minimumi Inkal |55 4.0 4.0 4.0

Minimum Sglk (=] () ano 00

Totol Splt |5 1B <0 0o BRSO EE0 0o

Total Spi =] 22EN O 00 TTEN TVEN 00%

Wil low Tima 5} an ac  Z0

&) Fed Tima [5) 1.0 1.0 i0

Lo Lag Lag Load Lead

Leadd Log Cpbimize? Yo Yoz  Yaa

Fecal Mods Pl e Fda M

&ct Effol Grean (5 12y 1T EiT

Schuated g'C Fabo 012 nra Ta

wo Rabio nre 0.2 OET

ool Cclay o 4z T

Crseue Daloy oo oo o

Total Diedary Ir.o 4z T

LS 1] & &

&pproach Caday o 4z T

&pproach LOSE 1] & B

2usts Langh 500 (m) 30% .z 446

Cassus Lengh 050 [m] 4032 201 TiE

Imlemal Link Cist fm] 180 022 {1200
Easaline Synchm & Fapit
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Lanes, Voumes, Timings

3 Int (1= e )
S T B

Lons Group EEL EBA HBEL ®KAT EBT EBF

Tum Exy Lengh imj

Bars o Sapacily fephl o0 ATe 334

Slarvation Cop Aeducin (] (5] 1}

Spilback Cap Reducin (] (5] 0

Siorage Cap Fedurin (3] (5] 0

Feducsdw'c Anio oTe 0.0 o6

Imsrsecbon Summany

Erea Tyoa: e

Cyola Length: T

&ctuated Cyola Length:

Oifset: 0009, Relerenced to phass 2EEL, Star of Geen

Mairal Symks: 50

Coniral Typs: Pretimed

Meximum wo Fabo: 076

Imisnzechon Signal Ciadany: 0.1 Inbenssolion LOS: &
Imisrzechon Capacily LHkzalion £0.3% ICU Level ol Senvics B

&raksis Farod (min] 15
Splks and Prasss: 3 Ink

| i

Eassdine Synchm & Repoet
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1115 — Silivrikapi Intersection — Off-peak, Optimum C=51

Lanes, Yolmas, Timings

1115 Ind 2508200
S T T O

Lors Gnoup EEL EET EEF 'WEL WET WEBER HMEL HET HMER SEL EET EBEF

Lane Confguraions B " | S |

Ideal Aow tvphph BT 188 1891 1BS1 =0 1891 1Eed 1291 1801 1Eed 1294 1804

LarsWidh im) ie 2B 3d& aAg a3z g 2& 33 3JE£ BB 32 AL

Grada ] i 1% g -B%

Total Lot Tima: (9] 38 AE 35 e 4B 3£ EZ£ 4B 3£ EE 4B £

Tumning Epesd [kh) == £ = {E == [ =5 i

Sobd Aow (proty O 14=0 [x] o 5161 [x] O HIdd [x] 0 =2g [x]

FHi Farmitizd (1 fi=F = T

Sobd Aow (psam) o 14£80 =] o 3161 Q [T =] 0 3326 Q

Figitl Tum on Rsd s i -1 Yas i -H

Sobd Aow (RTORA) 35 161 1B

Link Spsad (k'h] E0 1] 50 1]

Link Cisharas imb MR -] 1l 0B

Trovesd Tima ) 1.3 i =1 iar 150

Wolurmes b e 1} ¥ OiZE 113 14E o 7o [x] 0 24R )

Peak How Fagior oed O ORd DEp QB OB 089 Q01 o8 050 S8l OER

Haovwy Wahicles (4] o I &, 0% = 1= o4 B O O Ba 4%

Lors Group Flow faph) =] 2 =] o 428 Q o TBO =] 0 1c0g Q

Tumn Typa Spilt Spit

Privizcied Phases a 3 -] a i i

Pormitied Phases

Minimum Spik (3] ED  ED LS 140 205 0.5

Total Spi (2 BE 25 00 12¢ 120 0o Q0 =05 00 Q0 =06 oo

Total Spi (34 6. 187G 005 235% 3365 005 OO SQEs D05 OO BREs DO&

Wallow Time 05 acg =I5 ac  Zn z0 Z0

&FFsd Tima [5) =) 1.0 oo oo =0 z0

Lot Loy Lay Lma L=ad Lsad

Lesd Log Cpbimize? Yoz Yes Ve ian

&ct Effck Grgan ) 4.0 24 =0 2=.0

Bchusted g/ C Rabo .90 G116 053 053

wio Fabo 042 .65 .46 (=8

Coninol Csday 1.3 176 2.5 =1

s Delay 2.0 o0 =1 o0

Tolal Dalay 1.3 17.E a6 =1

L C E & B

&pproach Ceday 1.3 17.E a8 =1

Bpproach LS C E & B

Ousus Lengh 50 [m) a4 124 e e 0.0

ausus Lengh 856 jm) i3.2 =30 e 435

Imiemeal Link Cisl {mi) £ B 2448 IE=4 18<.B

Tum Exy Lengh im)

Busa Capaciy phl i3 EGE it 1763

Slarvation Cop Aeducn 1} 1] 1} 1]

Spilhack Cap Feducin 0 ] 0 ]

Siorage Cap Fedurin 0 o 0 o

Feducsdw's Aalo 0.42 .65 2,46 o.57

Imisrsecbon Summary

Arsa Tyea: e

yole Lanath: E1

Actuated Cydla Length: 51
Offset: 0 (0%, Falsrenced bo phass SAWETL, Efartof Green
Makral Cyole: 40

Eassling Synchm & Fap=ot
ISBEK HT. Page 1
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Lanes, Wolmsas, Timings
1116 Il o506 IS
Conrdd Typs: Prebmed

Meximum wio Rabec GBS

Imiersecton Sgnal Caday: 11.1 Inbenseciion LCE: B
Imersecton Capacily LHzolon £0.5% ICU Lval ol Servisa

&nalkesis Panad [min) 12

Splig and Prases: 1115 ink

Synchmo & Ropsit

E:acdines
Page 2
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1115 — Silivrikap Intersection — Off-peak, Optimum C=82

224

Lanes, Volmes, Timings

1115 Iml 2E.008 s
e T e

Lors Gnoup EE__ EET_ EEI_ 'H'E__'H'ET_'HE!_ HH__ HHT_ HE!_ I!H__ H.HT_ EER

Lors Confgurd ors . o

Ideal Aow dvphpl B0 1591 1801 iBe1 1804 1809 1Eed 12041 9804 iESd 1801 1804

Lo "W idih {mj ie 25 s is 33 Jg 328 33 J& 3B a2 s

Eroca [ 18 %% g -Ei

Storag e Langth il oo 0o oo 0o oo 0o ol 0o

Sioragu Lanss Q =] =] =] =] Q L1} =]

Tkl Lost Tim 5] ie 3B s i 36 g 3& 36 J& 3B 26 s

Loacing Cistachor [mij 183 150 150 150 1.0 150

Tradirg Debschar fm) o Qb oo o o0 0

Tuming Epesd [kh) =5 [ = & = & =5 1]

Sobd Aow (prots o 1470 [x] o 3138 [x] O 3T (2] 0 33E0 [x]

FH Parmibed oA (1= |

Sobd Aoy (pssm) o 1470 Q 2 31326 Q o 3Ts Q 0 3358 Q

Figit Tum on Red Yat YEE i Yas

Eobd Ao (FTOA] =0 130 iB

Link Spsad &'H) =0 50 50 50

Link Cishorcs im 2128 p N k= =k S 220B

Traresd Time (35 i3 a4 137 1.0

Wil e fephi] b | 0 x®= ET U o Tam [a] 0 Td =

Cord. Pods. ($hr)

zond. Bkes BN

Poak How Fagror 0T oW OO 08 OQ§E O 0o 0 QN 0 oW o

Zrowth Faclor 0e08s, 100 100, 100AL 0P 1000 100AL 10IEL 005G 100 100 1005,

Hurey Veihicles [35] 5, 3 B T oL oW =, 8 B O, L L -

Bus Blooknoss (%' hr] Q 1} =] =] [T} =] =] 0 Q 1} 1} =)

Porking @hr

i Bock Trafic (%) rs F 1 rs

Loms Group Flow faph) Q =4 Q 2 =6 Q o 7a& Q g & Q

Tum Typa Splt Spit

Proieoried Fhases a 3 z a i i

Porritied Fhosas

Cailsoior Priasss 2 3 z 2 i i

Minimum Inkal {5 1.5 1.5 40 4.0 4.0 4.0

Minimum Spik [5) EQ  ED g 100 0.5 205

Tkl Spl 5 {LE 105 0o ang 00 0o o0 E45 0o b =15 0o

Total Spi (%) 122% 128 005 24.4% 4% 0050 Lo efism 005 OO e2Fn 005

Wl bow TIma sy as Z5 ac  Z0 Z0 =0

&-Rad Tima |5 1.0 1.0 oo o =0 0

Lo Lag Lag Lag L=ad Lsad

Lead Log Cptimize? Yoz e Yas Wiag

Focal kods Fdee P Fdoe P T E bz

szt Efft Grean i) £.0 154 47.0 47.0

Sctushed ¥ C Rabo .08 .20 (=811 (8-}

wi Fabo .43 a.51 o038 .45

Zoninod Ceday prv 1] 200 o0 0.3

el Dalmy 2.0 (=R} .0 2.0

Tobal Dielay 1} =00 ol 103

LiCsS [ c A B

Approach Ceday vl 1] 200 .0 0.3

Approach LOE C C A =]

s Lengh 50Hh [mj =11 iT.E 2141 =22

Quels Lenghh 851 [m) iT7 =14 425 E1.5

Imlermal Link Cisl jmi E==-1 2448 fes.d =
Eassding Synchm & Fepoit
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Lanes, Volmeas, Timings
11158: Inl 26,08 2002

S T T N A T

Lons Group EEL EBT EBFR 'WEL WET WBR HEL HNET MBR SEL EET EEFR
Tum Exy Lenghiim)

Bosa Capacidy pphil 1E0 TaE 1%l3 b= ]
Slarvation Cap Reducn 1} 1} a 1}
Spilback Cap Reducin 1} 1} a 1}
Siorage Cap Fedurin 1} 1} 1] 1}
Fudussdw's Aalo 043 .51 038 od45
Imensechion Surmmany

Bren Ty iher

Cyola Length: &2

&chuated Cyole Length: &2

Oifget: 0005, Relerenced bo phase IWETL, Emrtof Gresn
Matral Sywle: 40

Conirl Typs: Fretimed

M et imurm w'o Fabic: 051

Imersechon Signal Csday: 127 Inbenssoion LCS: B
Imersachon Capaxity LHECoion 48.3% ICL Leved ol Sarvice &
&nakesis Puncd [min) 15

Spiks and Prasss: 1115 nk

L — L — i’

Eazsling Eynchm £ Faepeait
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1115 — Silivrikap: Intersection — Off-peak, Existing

226

Lanes, Wolmeas, Timings

1115 Inl 25,00 200
S S T W SR TS
Lon Group EEL_ EBT EBR WEL_WET WER_MEL_NET_MNBR SEL_ SET_ EER
Lone Confiqu i ons e e
Idaal Aow Mvphpl @1 1961 18091 1B 1801 1801 1EE1 1201 1BD1 1ES1 1201 1804
Lon'#idth im) 56 25 35 A& 32 35 =& 33 35 36 32 3B
Grock %) 114 | o -5
Storage Langth irmj oo 0o 0o 0o a0 0o oo 0.
Skorage Lanss a o a o a o 0 e}
Tatal Leat Time 05 8¢ 4 95 846 43F 9§ =& 36 9 =26 16 3E
Leadng Detechr [m) 150 150 {50 15.0 15.0 15.0
Trailing Debactor jm) oo oo oo oo o0 o0
Tuming Epesd [kh] e - - & 25 g
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Lanes, Volmeas, Timings
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Muimum wo Rabi: 0.50
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1162 A — Unverdi Intersection — Off-peak

Lanes, Wolmsas, Timings

3 Ink e e ]
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Lors"Widih im) aE 25 3= aE 25 a3 e -] 4= =B B 432
Srocka [ (14 (15,9 (19 (1 £
Slorage Langth omi 1 En] oo oo oo 0.0 1 o0 oo
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Lanes, Volmeas, Timings
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Siorage Cap Redurin 0 0 0 (3] 0
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1163 — Yayla Intersection — Off-peak

Lanes, Wizlumes, Timings

1162: Inl 26.08.2008
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Minimum Spdk (5] 200 200 20  an 120 150

Totol Spit 5 oo 430 700 0o 430 oo &Imo I 02 150 120 0o
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Lanes, Volmeas, Timings
1162 Inl 26.08. 2008

R T i e S S

Lons Group EEL EET EBF 'WEL WET WBF HEL HMET HMER SEL EET EEFR
Tum Exy Lengh imj

Buse Capacty pph] f420 1200 {465 =14 a6
Slarvation Cop Aeducin 1} (] 1} 1] 0
Spilback Cap Reducin 0 (] 1} 0 0
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Lanes, Wolmsas, Timings
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Sobd Ao (prok) O 3308 MBS 1250 1726 1344
FH Parmi Hed 00 (=11
Sobd Aow (pssamm) O ZFFER E4BE 13S0 1T2E 134
Right Tumi on Ried Yoz Yas
Sobd Aew (RTOA] 30T 155
Link Spaad 0&'h) =0 50 50
Link Cishorgs im) 22D oA 403
Traresd Tima (5] i€n =z 7.0
W ol frphil f42 =8B 245 28 3 13T
Cord. Fads, (Fhr
Curd. BRos Fhr
Peak How Faclor &2 G2 Qi a7 Obd  CDe
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Lanes, Vielumeas, Timings
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1165 — Sirinevler Intersection — Off-peak

Lanes, Volmeas, Timings
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Lanes, Volumeas, Timings

116E: Im 25, 03 200
R L N

Lors Group EEL EEBET WET WER &SHL EBF
Tum Exy Lenghi (m)
Buse Capacly pph) 2EZE 1907 fied4 B0 M=
Slarvetion Cop Aeducn 1] (5] (3] 1} (3]
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1426 — UEFA Intersection — Off-peak

Lanes, Volumeas, Timings
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Lanes, Volmes, Timings
3 Int 220300
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