ABSTRACT

AGHDASHI, SEYEDBEHZAD. Traffic Flow Optimization in a Freeway with Stochastic
Segments CapacityUnder the directiomf committeeDr. Yahya Fathi and Dr. Nagu¥.
Rouphail).

In this dissertation, a linear mathematical model is developed to model the traffic flow across
afreeway faciliy. This mathematical model is capable of addressing the optimization of any
strategy that has some effects on the facility demand or capacityas ramp metering. In

this research, the mathematical model is configured and used to optimize ramp metering
operations across a freeway facilityhich isone of the Active Traffic Demand Management
(ATDM) strategies thais utilized to optimize demanl across a freeway facilitio avoid
congestion.However, with appropriate changes, the proposed model can optimize other
facility demand or capacity strategies such as hard shoulder runfireg model is a
planninglevel method for analyzing and deternmgi the time varying metering rates
appropriate to be used and implemented on freeway facilitles.4ochastic nature of the
freeway segmentscapacity has been incorporated in the progoseathematical modgel
which leads toreliability evaluations.The linkage between time and space enables the
proposed mathematical model to account for vehicle travel time on the fduditjeads to
adjust the start and end time of the metering operafieasibility studieon the proposed
mathematical model lead to evaluation of applicability of ramgtering in the freeway
facilities and estimation ofreeway reliability West bound Highway-580 in California is

used to implement the optimal ramp metering rates as a cabe $he results of the
proposed algorithm are compared to the results of ALINEA, a widely used ramp metering
algorithm in the literatureThe comparison of the two approaches indicates that the proposed
method can perform at least as well as ALINEA. That,only the proposed mathematical
model gives optimal ramp metering rates compared to ALINEA, but it also can provide the
option of adjusting the level of performance reliability of the freeway system.
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1. INTRODUCTION

1.1. Problem Statement and Motivation

Ramp metering isa strategyfor regulatingentry traffic flow to freeway facilities. A
traffic light is installed at the very end diie merging ramp.The traffic light typically
corsists oftwo lights,red and greemA breakdown can bprevented # metering theentry
traffic from upstreamonramps. Ramp metering isne of themain toot for Ramp
ManagementThe Federal Highway Administration (FHWA) defin€ampManagement as
Aapplication of contr ol devi ces, such as
number of vehicles entering or leaving the freeway, in order to achieve operational
o bj e c [1]. Raenp meteringperformsbestin cass where demand is naignificantly
higher than thdreeway capacity. Specifically, it appliesto situationswhere the ratio of
mainline demand to capacity is slightly higher than 1. In severe congelstamver,ramp

metering is noeffectivein preventon of freewaybreakdowns

Figurel shows an on ramp ithe United Kingdom that utilizeeamp metering.

r



Figure 1: Ramp Metering IiM6, Birmingham, UK2]

Rampmetering is proven to be one of the efficient and viable ramp control techfogue
managng freeway operationf3]. In the United Statesamp meterindacilities have beern
place since 1960s in Gfago, Detroit, and Los Ayeles[3]. By the 1990s more thatwenty
metropditan areaswere utilizingramp metering3]. Nowadays ramp metering falls under
the umbrella of Advanced Traffic Management SystgfA$MS), and Actve Traffic
Demand ManagemefATDM). The use of ramp metering allows freeway mainline delays to
migrate to the omamps thus allowing traffic flow in the freeway system to operate more

optimally.

The primary goal of thisdissertations to determineoptimal ramp meteringates Ramp

metering is one ofhe strategies used b)XxTDM to manag traffic on freeway facilities.



Different ramp meteringoolicies andratescan impactraffic on the freeway mainlinghus

resulting in variatiosin theaverage trael time.

The challenge of this reseanshto present an optimal ramp metering policy to optimize a
desired criterion. Various objective criteria have been investigated along with different
dynamics of traffic on freeway facilities.By imposing some simgifications a linear

mathematicamodel has been developadd utilizedto identify theoptimal policy.

This dissertatiorefines and emplog necessary inputs in the framework of the Highway
Capacity Manual (HCM) 201(4]. Which will enable analysts to use solutioasd apply
methodsreadily in practice Moreoverthis leadsto the resultsbeingimplemented in HCM
transportationmacro simulation packages such as FREEVAS]. This research also
propose methods for accounting and addressing more complex traffic dynamics such as
incorporatingtime lag betweenfreeway segments alongvith and the stochastic nature of

segment capacity.

Although the model provided in thaissertationis specifically applicale to determining
optimal ramp metering policies under fixed capacity condition, it aisorporates the

concept of stochasteegmentapacity evaluan of the reliability of freeway facilities.

While themain use othe proposed mathematicatodelis to estimatethe optimal ramp
metering poliees on the freeway facilities there are other ATDM strategies suchHerd

Shoulder Runningor Dynamic Tollingthat could be modeledcand optimizedusing similar

! Freeway Evaluation



mathematical modsl The mathematical modeprovided herejs designed in a flexible

frameworksuchthat, given minor revisiongheycan be formulated arahalyzed.

In the context of ramp metering,i$ necessary to evaluate and investigate the appropriate
objective functions fothe defined probkems. Minimizing system delayincludingdelayson
the mainline and onamps is an appropriate objective function. Minimizing system delay is

equivalent to minimizing total travel time in the system.

Total travel time is anothefiable candidateo beconsideredasanobjective function.In
rampmetered freeway facilities mathematicabpproach can be utilized taodelwaiting
times behind the traffic signal on the-camps.This model can then perform simulations
with the objective of minimizingystem delayomprising ofmainline and oframp delays.
Thedelays could be weighted lilge number of vehiclesraveling ondifferent pathson the

freewayfacilities.

Moreover, traffic breakdown has significantimpact on the mainline delay which this
objective function addresseBue to complex dynamsoof the traffic on a freeway facility
(such asoversaturatedlow conditiong, this objective functiommight not be possible to
model. Thus, besidethe mentioned objective functienthat are ideal for the purpose of
optimizing ramp meteringother objective functiacould be employed fgeneratingnore

simplified models.

A relatedobjective functionis the maximization of the total metered on ramp flows

followed by a capacity constraind ensure thaho breakdownoccurson the mainline.



Predefined coefficients could be employed for ramp metering rates to specify a weighted
average of ramp flow§] [7]. Then high priority ramps will have higheweightsin the
mathematicalmodel Another objective function could ke minimization of total ramp

gueue lengths in the study period.

Minimization of the breakdown probability across the factibyld also be considered as
objective function This objetive function will result in a Notinear model. It could be
used simultaneously along with one of the discussed objective functions resulting in multi
criteria mathematicaloptimization model An easy way to incorporate two objective
functions could beddingone of them in the constraiset. By changing theght hand side

(RHS) of the constraintthesecond objective function could be optimized.



1.2. Related Works

The earliest versions of ramp meterialgorithmsutilize historic traffic data to update
their policies based on thlemandvariation Thesea r e cRadTimedlRamp Metering
Algorithms 0 [8]. Other algorithms use sensor data to evaluate traffic conslitiospecified

segment®f freewayf a c i | i tTyaffim RespendiveiRamp Metering Algorithme [8].

Some algorithms use their previous output rate to compute the next iteration rate, and are

calledd Cl os ed L oo pOtheiwigedthey aretcatig®penL o op Al g.or i t hms 6

Moreover, sme ramp metering algorithmshich are focused om single ramp called
fiLocal Ramp Metering Algorithmso . They do ntaffic canditiorssionlteer t h e
other parts of the freeway facilitPn the other hand, another set of algoritteoesidera
multi-section of a freeway facility and arefiArea-Wide Ramp Metering Algorithmso.
AreaWide ramp metering algorithmare divided intothree main categoriesvhich are
@Cooperative or Incrementald 6 Bot t | e ncemketdrt a@e o6 6[9nThegr al 6
Cooperative orincremental algorithms are similar to local algorithms. However, they get
assistance frormetering ofupstream osramps to ava congestion or breakdown. ather
words the metered onamps are cooperating with each other emage and control the flow
in the desired sections afreewaywhich makes thermore efficienf10]. On the other hand
Bottleneck or Competitive algorithms focus on local and bottlenecks metering rates. They try
to maintainthe flow below the capacity of the bottlenedkventuallythe more restrictive

metering rate ofhe two is choserfor each ramg10]. This algorithm does not account for



onrramp queue up behind the metering sigmak third clas®f coordinated ramp metering
algorithms is integral algorithms which optimizes a vddfined objective function. These

algorithms are more theoretical and complex to calibrate and ofkthte

Demand-Capacity Algorithm:

DemandCapacity isan open looplocal traffic responsive ramp meteriaggorithm[12].
It measures theccupancyin the downstream section ahon-ramp and if it is higher thaa
critical occupancy then it tries to set the rgmmetering rate ta predefined minimum
metering ratevalue Otherwiseg this algorithm setsthe metering rate to be the difference
betweenthe downstream capacity and upstrearocupancy A modified version of this
algorithm was developed[12] to avoid using the capacity calculatipnghich is called

A P e r-@ceupancyAlgorithmo .

Simplicity of this algorithm limits its usage toe only on one omaramp, and it cannot
benefitfrom themulti on-ramp metering advantage in cases wieeakdown is not possible
to be avoigd by one oaramp.This algorithm does not account for-oamp queue up behind

the metering signal.

These algorithms use occupancy as its measure for ramp metering rate control, which is
tight to use of sensors on theedway facility. Thus, it cannot be used in planning level

analysis.



Asservissement Lin®ai(ALlNEAIOEntr ®e Autorout i

The most widely used closddop local ramp metering algorithm is known as ALINEA
[13] introduced byPapageorgioin 1991. A linear feedback law is used to calculate the ramp
metering rate.The fllowing equation demonstrates the law used by this algorithm to

compute the metering rates.

Wherei Q is the metering rate indtation k.0 is the targebccupancyandd s the
measured occupaney acertain pointdlownstream of an erampon the freeway facilityo
is the regulatory paramete®ince the metering rate is a function of previous metering rate,

ALINEA is a closedoop algorithm

This algorithm does not account for the congestion in the upstream of the metered on
ramps, Also the determination of theptimaldetector location is difficultBased on ALINEA
equation, when0 increases, thewh 0 0 Q p decreases, which results in
reduction of metering rate Q. This algorithm does not account for-camp queue up
behind the metering signdfloreover, since it uses occupancy, there is no chance to use this

algorithm in planning level analysis



Modified ALINEA (MALINEA)

MALINEA is an enhanced version of ALINEA algorithnBasically it addresses the
disadvantages of the ALINEAlgorithm[14]. MALINEA measures the upstreamecupancy

and considers the tirlag betwea upstream and downstrearocupancyof theon-ramp.

Two other versions of ALINEA algorithms are fALINEA, and URALINEA. FL-
ALINEA measures the flow in the downstreasactionrather thanthe occupancy. UP

ALINEA measures the upstream occupancy, and estisnthe downstream occupancy.

These algorithms are local, they do not account for entire length of freeway, and they
cannot take advantag# the multi onrramp metering capacity to avoid breakdowinis

algorithm does not account for-scamp queue up befd the metering signal.

Although this algorithm is widely used for metering@mps, it does not have a flexible
objective to achieve. In cases where ramp metering should be adjusted for certain purposes,
such as prioritizing omamps, this algorithm doesd t provide much fl exi
changing the regulatory factor which adjusts the speed of metering to its desired metering

rates.

METALINE:

METALINE is an integral coordinatedlgorithm version of ALINEA[15] [16]. The
equation which METALINE uses is\aectoredformat of the one that ALINEA uses. Thus, it
can account for a set of @amps in certairsegmentf the freeway. The Equation which

METALINE uses is:



i 1Q p DL £Q £€7Q »p b 0 Q 06T

Wherer =rs1. . . ] is the vector ofmdcontrollable orramp volumeso = [o; . . . g]"

is the vector ofndmeasured occupancies alahg motorwayO = [O; . . . Q] is the vector
of dnémeasured occupancies, typicatheasuredmmediately downstream of the controlled
ramps O = [0, . . . Q] is the vector of ntorresponding set valuesot¢thatO is a subset of

0.0 MY andu N'Y are called gain matrices.

Based omaresearch in Parigl5] [13]f ol | owi ng concl usi on i s ma
ramp control (METALINE) is superior to local feedback control (ALINEA) in case of
unexpected incidents. Both feedback constctegies lead to roughly the same results under

nor mal conditions?o

This algorithm does not account for time lag betweenaomps, and the bottlenecklso,
it does not account for rampés storaamp si ze,
metaing signal.This algorithm uses occupancy, and is applicable in operational mode rather

than a planning level analysis tool.
Zone Algorithm:

This algorithmwasfirst used in 1970 along35 in MinneapolisMinnesota. It controls
the traffic over defined zwes of freeway which are between 3 to 6 miles. The upstream of the
first zone is a free flow speed not subject to incidéhe downstream of the zone is usually
the bottleneck where the demand to capacity ratio is higher than 1. The zone contains several

metered oframps.

10



The basic concept of the algorithm is to balance the volume of traffic entering and

leaving each zone. The equation used in this algorithm is expressed as:

6o YO0 O w o6 7Y

O0AG6 represents the upstr ermmeaeredamamgs volume. and

OMO6 is the suemmpé wmet amed and OFO6-ramgenttyhe fr e
vol ume. O0X0 represents the exit ramp vol ume
6S6 i s the space av ai Iralh bse eof tthsealgorithen showett e z o

improvement in the freeway traffic operatidgi3]. This algorithm does not accaufor time

lag inside the zones, and the ramps capacity limit.

Linear Programming Algorithm s:

First linear progamming algorithm used for ramp metering is \Mattleworthin 1965
[18]. The goal was to minimize the travel time by changing theaomps flow.He uses an
OD matrix and assigned traffic flow for different points. this studytravel time is

minimized by maximizing offamp flow. His mathematical model has following form:

Dww i
i 83 01 OQEDIE 600 a'd QOQI
T I Q QedeEE | wa M
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Where, i and j are set of aamps, and bottlenecks respectivaly. is the proportion of
flow of bottleneck j through oramp i.® is the capacity of bottleneck]j. is the decision

variable, and shows the flow of vehicles in thla bn-ramp.

There are some improvementst t he Wattl eworthoés model by
function to minimize the squared difference of metered rates, and demand. This yields to a

nortlinear mathematical modgl9].

Linear Programmingalgorithm was also used in Hanshin expressway in Japan, and
evaluations showed improvement in the performance of the expred®lvdy]. This
algorithm is based on a linear programming (LP) formulation, and it reqaireery
comprehensive data collection system with detectors closely spaced on the mainline and

ramps. The LP formulation used by this algorithm is expressed as:

rrrrr

i 88 0 Y oY O Q¢ @ 0Q QG Q@ 0O i
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Where"Y is the ith ramp flow andd is its priority. 0 is maximum allowable queue
lengths for each ramp. is ramp detection determines queue len@@his predefine ramp
demandd is the real time capacity. is tuneable influence factor. This factor is a weight
that scales the amount of traffic from ramp (i) remaining on the mainline at a downstream
sgment (h). The roadway is divided into segments (h) between rampsh{$).linear

programming model is used in FREQ traffic analysis [20].

Detection of speefbr each section is used to calculate the-tiea¢ capacityreduction
due to congestion, and thus to find theteak capacity (Ch) for each roadway sectidhis

LP equation is solved simultaneously for all metdocatiors within an area of influence.

None of above LRilgorithms account for time lag betweenetimetered omamps and the
bottleneck. But the advantage of this altfon is its objective function comparing to

ALINEA and other ramp metering algorithms.
Summary

There are several algorithms developed for meteringaoips. Each of them has its own
pros and cons. All of them assume the freeway segments capacities are deterministic values.
In reality, the stochasticity of the capacity may decrease the performance of freeway facilities
metered by above algorithm& o me o f t hem-Chphkei tinipe nroabed s
implemented, but they lack of following a predefined objective function. The effort of this

research is to incorporate all efficiencies and benefits of a metering algorithm.
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1.3. Contributions

The main contribution of this dissertation is the depeient of a mathematical model to
optimize ramp metering rates for different reliability performance levels. Previous algorithms
and models do not account for the probability of breakdown in the facility. The optimal ramp
metering rates are associated wittain value of probability of breakdown in the facility.

For a certain condition, the proposed mathematical model gives different optimal ramp
metering rates for different probability of breakdown in the facilitye model gets desired

reliability levd as an input and generates the optimal ramp metering rates.

The second contribution of this dissertation is the flexibility and generality of the
proposed linear mathematical model that is capable to model any other strategy used for
controlling demand ocapacity across freeways. This generalized and flexible mathematical
model could be used to optimize most demand and capacity management strategies such as

6Hard Shoul der Runningé or OManaged Lanesd t

The third contributia is the use of stochastic nature of freeway segments capacity. Since
in reality the capacity is stochastic, it is expected to have better ramp metering outcome by
modeling this stochasticity in the algorithms and models. Moreover, it enables the capabilit
to evaluate the reliability of the freeway facility or the effect of ramp metering on the
reliability. Most planning level algorithms such as previous linear programming algorithms
assume the freeway capacity is a deterministic value in which they abseakelown even

if the demand is only one unit higher than the capacity.
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The deterministic capacity assumption avoids the mathematical algorithms to be close to
the reality. In reality slight ovetapacity occurs without resulting in breakdown. This
charateristic is incorporated in the proposed mathematical model using Weibull Distribution

of the capacity based on recent literature.

The fourth contribution is the link between time and space. This is based on the fact that
vehicles are moving on the freewfagcility and the flow and demand variation in one point
has impact on other downstream freeway points with certain time lag or delay. Using this
relationship, appropriate strategies should start earlier or later to become more effective in
downstream segemts. In the proposed mathematical model in this research this relationship
enables the ramps to meter their entry more realistic, and be effective in the appropriate time

at the bottlenecks.

1.4. Dissertation Outline

In chapter 2, some preliminary conceptstraffic dynamicson freeway facilities along
with definitions are provided. Chapter 3 covehe proposed mathematical modefith
detailed discussion on assumptions, reforming of the objective function ancbnstrairs.
Chapter 4 provides an exampleimplementingthe proposed mathematical model to a real
freeway facility along with description of results and outcomes of the optimal solutions. In
chapter 5,simulations of the results adiscussed. Chapter 6 reviews the conclusion and

future works redted to this dissertation.
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2. PRELIMINARIES

In this chaptey terms and definitions along witlour traffic dynamics and concepts are
discussedTheseare taken from HCM010 and most recent literaturiéhis dissertatiortries
to be consistent with these dynamics and concepts. Although sotoeadptsare not easy

(or possible) to model, but appropriate approximatiansl simplifications are considered

1.5. Definitions

1 Highway Capacity Manual (HCM):
The purpose of the HCMs to provide a set of methodologies, and associated
application procedures, for evaluating the multimodal performance of highway and
street facilities in terms of operational measures and one or more quality of service

indicators. The objectives of the NMCare to:

1. Define performance measures and describe survey methods for key traffic
characteristics

2. Provide methodologies for estimating and predicting performance measures

3. Explain methodologies at a level of detail that readers can understand the factors

that have an effect on multimodal operation.

The Highway Capacity Manuél &st editionis published in2010. HCM analysis and

computations on freeway facilities are done in one direction.
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1 Freeway Segments:
A segment is the length of roadway between two points. Traffic volumes and physical
characteristics generally remain the same over the length of the segments, although
small variations may occur. For freeway facilities three types of segments are

defined:

1. Basic Freeway SegmentsAll segments that are not merge, diverge, or weaving
segments.

2. Freeway Merge and Diverge SegmentsSegments where two or more traffic
streams combine to form a single traffic stream (merge), or where a single traffic
stream divideso form two or more separate traffic streams (diverge).

3. Freeway Weaving SegmentsSegments in which two or more traffic streams
traveling in the same general direction cross paths along a significant length of
freeway without the aid of traffic control devices. Weaving segments are formed
when a diverge segment closely follows a mesggment, or when a afi@ne ofZ
ramp closely follows a oane otamp and the two are connected by a

continuous auxiliary lane.

Figure?2 presents different segment defined by HCM 2010.
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Diverge

Figure 2: Standard Segments based on Highway Capacity Manual (2010)

9 Undersaturated Traffic Flow:
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following conditions are satisfied: (1) the arrival flow rate is lower tharcépacity

of a segment, (2) no residual queue remains from a prior breakdown of the facility,

and (3) traffic flow is unaffected by downstream conditions.

M Oversaturated Traffic Flow:
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following conditions are satisfied: (1) the arrival flow rate exceeds the capacity of a

point or segment, or (2) a queue created from a prior breakdown of a facility has not

yet dissipated.
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Volume:
The total number of vehicles that pass ovegivaen point or section of a lane or
roadway during a given time interval; any time interval can be used, but volumes are

typically expressed in terms of annual, daily, hourly, oAsoiarly periods.

Flow rate:
The equivalent hourly rate at which vehiclggss over a given point or section of a

lane or roadway during a given time interval of less than 1 hour (usually 15 minutes).

Capacity:

Vehicle capacity is the maximum number of vehicles that can pass a given point
during a specified period under préway roadway, traffic, and control conditions.
This assumes that there is no influence from downstream traffic operation, such as

gueues backing into the analysis point.

15 min Time Periods:

All freeway analysis based on the HCM is done in 15 min timegatervals. In

this dissertation, this resolution is considered in order to be compatible with HCM
and simulation software packages. Also, data available for the case study in this

dissertation is in 15 min time periods.

Macro Simulation:
Macro simulaibn models evaluate traffic flow as a whole without consideration of

the characteristics and features of individual vehicles in the traffic stream.
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1 FREEVAL:
The computational engine, FREEVAL (FREeway EVALuation) 2010 is a
computerized, workshedtased environment designed to faithfully implement the
operational analysis computations for undersaturated and oversaturated directional
freeway facilities. FREEVAR010 is executed in Microsoft Excel, with most
computations embedded in Visual Basic megulThe environment allows the user to
analyze a freeway facility of up to 70 analysis segments (to be defined) and for up to

twentyZour 154nin time intervals (6 hours)

In addition to characterizing oversaturated conditions, the most significant dieren
from the segmedbased chapters is that FREEVAL carries out all calculations using

15 min flow rates

1 Free Flow Speed
FreeFlow Speed is the average speed of traffic measured under conditions of low

volume, when vehicles can move freely at their despsebd.

1 Density
Traffic density is defined as the number of vehicles occupying a length of roadway

[21].

1 Occupancy
Occupancy is defined as the percent of time a point or short section of roadway is

occupied by vehicleg1].
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1.6. Non-Linear Behavior of Speed as a Function of Flow Rate

The speed of vehicles in ea¢lCM segment is a function afs flow rate Figure 3
presents the speed of vehicles as a function of flég immBasic segments. Other segment

types have their own spe#ldw curves, which are not just a function of flow rate of the main

line. These segments have more complex functions for mainline speed, in othethegrd

are not just a function of flow ratéor instancegin Merge segments, the amount ehtry

traffic hase f f ec t

effect. As a simplification in thiglissertationwe will not use those compléunctions and

we will assume the spedidw curves for other segments aieilarto Basic segments.
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The speedflow curve in Figure 3 shows the undersaturated situation in the freeways.
However if demand exceeds capacity this relationship will be estimated based on other
appropriate methodologie®versaturatedituationon freeway facilities is difficult to model
mathematically. When there Ilsreakdown there will be some queue formed behind the

bottleneck. So mathematical model should consider queues on the freeway as well.

Sensor data are available in mostfigfeways in US. These datave the speed and
volume of the vehicles passiagcertain points irthe freeways. The optimal policy for ramp

meteringcan beupdatedat each periobased on the realized sensor data.

1.7. Capacity Drop on the Freeway Segments

Freeway facilities are similar to production systems. One direction of a freeway facility is
similar to a linear assembly line in manufacturing systdaach segment could be equal to
each working or production station. On the other h#mere are some ffierences between
these two.On the freeway segmentshére is some reduction in capacitalled Capacity

Drop) whenbreakdowroccurs[25] [23]. This dynamic ishown inFigure4.

In the regular production systems, when a machine reaches its capacity the output rate of
the machine will be equal to its capacity. This situation remains until the demand level of the
machine become lower than the capacity. The iniagedact about freeways is that they
behave differently. When demand exceeds capacity, there will be some reduction in the
capacity of the freeway segments. This reduction normally is between %3 tR7%125]

[29] and some have measured up to 2B®| of segments capacityOnce the demand
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become lower than the capacity, capacity will not switch back immediately to its original

value. Queues formed from congestion needs to be cleared in order to go back to

undersaturatesituation

} 3% to 24%

Demand

Figure 4: Capacity Drop due toangestion

The existence of the capacity dropase difference between freeway facilities, and

production systems. Froan Operations Research and Industrial Engineering point of view

this problem become interesting since it folldlws mentionedcapacitydynamics.

1.8. Over-Saturated Modeling

Basically there are two states of operatmm freeway facilities, undersaturated, and

oversaturated.

Under satur ated [

S

t

he

segments are lower thaeir individual capady. Then there will not be anypreakdownin

state

the freeway. Dynamics of the freeway in this environment are easy to model mathematically.

If the demand becoméargerthan the capacity in a segment, the freeway facility will operate
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in an oversaturated statélraffic equations are not linear, and basically the dynamic is
difficult to model.FigureS5pr esent s f |l ow as a foothecfreewayn o f
This relationship between flow and density is the baselcutation in FREEVAL macro
simulation software. In reality this relationship could be differ&he ight side ofFigure5
presents the oversaturated, and left side is undersaturated state. Based on the deasity of th
vehicles in the freeway, we can pick a point in the presented curve. The slope of the line

connecting origin to this point shows the speed of the velodldse freeways segment.

2500
———Capacity = 2400 pc/hfIn

2000 —

Oversaturated

Undersaturated

500 —

Density at capacity = 45 pc/mifln
/

0 T | | | | ! ! | !
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Density (pc/mi/in)

Figure 5: Flow rate as a function of density

Another challenge regarding oversaturated state is that we need to keep track of the
vehicled gjueues formedipstream of thdacility bottleneck, where demand lsgher than
capacity. Once the demand become lower than the capacity, freeway facility twiditunm
to undersaturated state immediately. All queues should be clear up as well. So there is some

time lag after decrease in demand that freeway comes back to undersaturated situation.
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1.9. Stochastic Nature of Capacity

All HCM calculations and analysis are based onass&umption that the capacity of
different segments on the freeway facilities is a deterministic value. Recent studies showed
the capacities of the freeway segments follow a probabilistic ng8}¢30] [31]. Moreover
the nominal capacitpf freeway segments usually follswaWeibull distribution[23]. The
parameters of Weibull distributioare determined by geometry of the segmeatsthe

freeway such as number of lanes, etc.

A study in Germanghowedwhen a flow paseg a freeway sectiors equal tothe capacity
of thatsegmentthere is a 3% chance of breakdoatithat pointon thefreeway in a Eminute
time interval. In other worsl on average the nominal capgcitorrespond to the 3
percentile of the capacity distributiomrfction in a Sminute intervals[31]. CDF of the

Weibull Distribution is:

Ow p Q

In spite of the fact that this research has been done in Germany, and nominal capacity of
the freeway could be different than HCM, but in the stuf8&$it is assumed that it is equal

to the naoninal capacity of the freeway in HCM.

To estimate thparameters athe Weibull capacitydistribution,the following procedures

should be followedAccording toFigure 6, scale parametér should be estimated based on
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nominal capacity of the freeway facilitijore specifically, using the nominal capacity that

we have, we can estimate the scale pararmeaecording to regressed curve.
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Figure 6: Scale parametér of the capacity distribution as a function of nominal capd&y

After finding? from Figure6,| should be determined in a way that tleminal capacity of
the freeway repres&n3% probability of traffic breakdown in arbinute intervalln chapter
3 more detailed discussion is provided for estimating the parameters of Weibull distribution.
The mean and variance of the Weibull distribution is calculated based on following

guesions
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3. THE PROPOSED MATHEMATICAL MODEL

Figure7 shows an example of a freeway facility with its HCM segmentaiibis facility
consists of two omamps two off-ramps andine HCM segments. Later in thidissertation,
the artificial segmentation is proposed to increag® accuracy, and precision of
mathematical model. Clearly, if total flow Bny segment exceeds its capacity, breakdown

and congestion aair.

Segment No: 1 2 3 4 5 6 7 8 9
Segment Type:| Basic Merge Basic Diverge Basic Merge Basic |Diverge Basic
Capacity of the Segment: Gy G Cs G| Cs Ce C; Ca Coy

u, > ‘ ‘ ‘ = Yo

€9

iy € lg

Figure 7. Schematic of a Typical Freew&acility

As shown later in thislissertationthe original problem due to number of complexities
such as noibinear equations and stochasticity is difficult to model and solve. The
mathematical model considerssome simplifications and assumptions Having these
simplificationsthe proposednathematical modek developedlt is a linear programming
mathematicaimodel| which optimizes the ramp meteringtesacross a freeway facility. This
mathematicamode| assumesnupper bound for probability dfireakdownin eachartificial
segment and time stefyphe mathematical moded based orthe concept o€ell transmission

models[32]
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Essentially he proposedmathematical modetharacterizethe traffic flow on afreeway
facility based on HCM 2010. There are several assumptions, and simplifications that are
applied to problemof interest,so thatit could be modeledn the context of Liear
Programming(LP). The target of this mathematical model is to come up wigoptimal
ramp metering ratgefor freewayfacilities that are not highly congestdd later parts of this
dissertation maximum limits of congestiovhere this modelmaintainsits feasibility are

discussed.

The modelassumsthere is no breakdown in the freeway system, saorntbdel becomes
feasible and givesptimal solutionfor ramp metering rate The link tobreakdown inthis
modelis made ina way thatt tries to avoidoreakdownwith certain probabilityBasically,
breakdown occurs when demand to capacity etmeeddl. Figure8 shows the scope dtiie
mathematical rmdel. As shownin Figure 8, the model can sustain its feasibility where the
demand to capacity ratio is not a large number. In this situation, with the aid of ramp
metering, demand can be decreasedthe bottleneck segments. Clearly, ramp metering is
not able to decrease very high demand levels to desired capacather word, if this
model becomginfeasible it means that there is apportunityto avoidbreakdown through

the application ofamp metering.
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Figure 8: Domain andScope ofFeasibility of theProposedMathematicaModel

The assumption of inserting aqual lower bound on the probability of breakdown in
each artificial segment and time step results in a linear programming (LP) model. This
assumption may increase the difference betweerbitbakdownprobability and its lower

bound, but its transformatianto a LPmodelmakes it possible to solve.

1.10. Simplifications, Assumptions and Justifications:

I.  The mathematicalmodel consider only one direction of a freeway facilitySince
mostof the HCM based analysis on the freeway facilities are done irdoaetion of
the freeway, in this research focus is to model traffic flow in one direction of the
freeway facility.

II.  Capacities of the segments aamnsidered to betochastic with Weibull distribution.
Parameters of the distribution are function of geoimgtroperties in the segments
such as number of lanf26].

lll.  Having the assumption cftochastic capacitthis model usegercentile capacities

according to Weibull distributioto come up with an upper bound on probabidify
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breakdownin the freeway segmentdn spite of the fact that the capacity percentile
will be employed in the mathematical model, it fits and lies in the Linear
ProgrammingLP) context.

IV.  All on-ramp and offramp variables and parameters have value of #ethey are
defined in theother segment type&or instance entry and exgemandvaluesfor
Basic segments aessumedo be zero.

V. Segments should be divided into fAartifici
could vary based ormaccuracy andresolution of the solutian The artificial
segmentationmposessmalleranalysist i me uni ts which is call
operational evaluation dhe freeway. Later in this section these two concepts
defined andhe method for generating themdsscussed.

VI. It is assumedhat the probability ofbreakdownis independent of time perioder
time steps)and segment®r artificial segments)23].

VII.  For the purpose of defining distances between two segments, the distameenbe
middle points of each segment is measuhdreover, by dividing the freeway into
equal sized artificial segments, the distance between each artificial segments, is
defined by artificial segment length times numbeaudificial segments between the
two points.

VIIl.  Stochastic capacities are definddr each HCM segmentSince the Weibull
distribution is sensitive to segmeénkengths;the probabiliy of breakdown could vary

by changing the segméntlengths. Appropriate equations are used to estimate the
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probability of breakdown for artificial segments based on the probability of
breakdown for HCM segments.

IX. It is assumed that capacities and upper boundbreakdownprobability of each
segment could vary in different time stephis enables the model toayze freeway
facilitiesd performance according to demand variation and prioritize the peak periods
in the analysis.

X. Itis assumed thahe number of vehicles anithe flow rates are real numbers. In fact
they are integers, but since the values of theseghlas arelarge enoughit is
reasonablend justifiable forthis assumptionGiving this assumption, the proposed
mathematical modelsimplifies from Integer Programming (IP) into Linear

Programming (LP) model.

1.11. Parameters of the Mathematical Model

Theparameters of the mathematical model are presemiBabie 1 These parameters are
usedin the remainingliscussion of th@roposedmathenatical modeland its application in

this dissertation.
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Tablel: Parametersf theProposed Mathematical Model

Parameter | Description

1 Total number of 15 min time periods in the study period
1 Total number of HCM segments on the freeway facility
Y Total Number of time steps in the study period

0 Total Number of artificial segments

Duration ofthe time step
— Number of time steps ial5 min time period
L Capacity of artificial segment k in tinstept (Veh/Hour)
0 Upper bound for number of vehicles in the queue imamp k (Veh)
i 06 Lower bound for ramp metering rate in artificial segment k (Veh/Hour)
i Yo Upper bound for ramp metering rate in artificial segment k (Veh/Hour)
Upper bound on the probability bfeakdown occurrenda the facility in theentirestudy
period
%o Upper bound on the probability bfeakdowroccurrence in time step t
Upper bound on the probdibj of breakdown occurrende artificial segment k in time stey
t

Q Set of on ramprtificial segments

Q The onramp entrance demanmdtein the artificial segment k in the time step t (Veh/Hour
Q The offramp exiting demanthtein the artificial segment k in the time step t (Veh/Hour)
% Main line entering demangtein the timestept (VehHour)

Y Flow rate of the artificial segment k in the time step t (Veh/Hour)

i Ramp metering rate (entering flow) in the-i@mp k in the time step t (Veh/Hour)

0 Number of vehicles ithe on-ramp queue in the artificial segment k in the time step t (Ve
) Length of study period (Hours)

Priority coefficient for prioritizing ramps
- The maximum difference between segment and artificial segments incremental length

1.12. Linking Time and Space

All vehicle flows across the freeway should be balan&asged on HCM 201@nost of
the freeway analysiscalculations are donéndependently in 15minutes time period.
Thereforedemands in different5 minutetime periods should theoreticalbe independent
of each other. This fact imposes a limitation on the length of facility for analysis. All vehicles

entering the facility should exit the facility within 15 minuté.not then, the correlation
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between demand levels between two consecufiBe minute time period should be

established.

On the other hand, in this dissertation another correlation between flows of vehicles is
investigated Assumethat onthe freeway facility there is breakdownat a certain location
and time. There will be a tiendifference between the upstreamrampsentry flow and
volume in the specified segment. For example if theeebreakdownn segment 14 at 5:00
pm, then ramp metering rate should meter entering traffic in segment 3 earlier than 5:00 pm

in order toeffectbreakdowmoccurrence.

At the orramp located far upstreaof breakdownpoint, there will be larger time ldgr
operation ofon-ramp considering théreakdownpoint. Thus there should be a connection,
and relation between the time and the distances Téliation is a function of speed of
vehicles in the freewayAssumingthe distance between a meteredramp and a bottleneck
is 5 miles. If the average speed of vehicles betweese two points i60 mph, then the time
lag will be 5 minutes. So, the metering in theramp will affect the bottleneck 5 minutes

later.
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Figure91 Flow of Traffic In Time and Space Domain (Artificial Segments and Time Steps)

Figure 9 shows time and space domain for a sectibfraeway facility. The freeway
facility is divided into seven artificial segments with equal lengths. The size of time step is
defined in a way that vehicles can go from one artificial segment to another within each time
step. The circles in theigure9 demonstrate a traffic stream which is in artificial segment 1
at time step 1. Clearly they move from one artificial segment to another within one time step.
Consider, there will be an expectation of a breakdown in artificial segment 6 at time step 6,
and there is an omamp in artificial segment 1. Then, to avoid breakdown in artificial
segment 6 at time step 6, the ramp metering system on artificial segment 1 should start the

operation in time step 1.

34



Based on the discussion, apparently the linking betwesae and space is valid by
considering a constant speed for vehicles moving in the freeway systams discussed in
more detail in next section, the length of artificial segments are usually smaller comparing to
HCM segmentation. This results in dieatime steps. The data exists for freeway facilities

are usually in larger resolution, which requires appropriate conversion.

Figure 10, shows the data conversipnocess flow required for agencies that use HCM
2010 format for geometric and demand informatiés. discussedaccording tothe 15
minute analysis based on HCM 201€he lengthof the facility is usually shorter thabb
miles. This is due tdhefact thatall vehicles that are entering the facility, should exit within
15 minutes time interval. This 15 minute time interval is larger than the time unit needed for
mathematical modeling to connect time and space togefhece usually the distance
between oframps and bottleectks are shorter than 15 miles, in the HCM 2010, there is no

need to model the correlation between any two points in the facility.
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Geometric and Optimal Ramp
Demand Data Metering Rates

Figure 10: Data Conversion Process Flow for Using Proposed Mathematical Model

Therefore smaller urst of timeand length should be defined for freeway analysis. The
fiTime Stepd i s t he tproposednathemitical model. ihe HCRD10segments
should besubdivided nt o s mal | Auntificial BegrmentsoeEk | & O e Artifieialo f A A
Segme nt owith sinsilar cldeiuged for justifying limitation of facility length for each

15 minutes time periods of HCM analysis

The poposed mathematical modslbased on the time stepssolution and the artificial
segments. This will impose certain proceddmesemploying the artificial segments, and the
time steps. Prior to develop the model, artificial segments for the case study are defined.
Eventually there might be some conversion neededtimal solutions to preseit back in

the HCM framework.
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1.13. Defining Artificial Segments and Time Steps

Based on the cell transmission theory, freeway segments could be divided into smaller
sections. Due ttheneed fordefining capacityor each segmenall geometric characteristics
should remainthe same across each segment. More specifically, as discussed in the
stochastic capacity section of this dissertation, the distribution of capacity is a function of
geometric characteristic of freeway. In orderdefine the capacity for each segment, the
geometric characteristics such #s number of lanes shouldot changewithin each

segment.

As discussedin order to model théime lag between ramp metering operation, and
occurrence of breakdowatiownstream of the ramgmaller segmentation and time stepe
required. HCM uses 15 minute time periodsatwalyzethe freeway, this resolution can
account for the delay between twwoints which are located more than 10 miles in the
freeways(Consideriig 60 to 75 mph speed)n order to account for thdelay between
nearest osramp to the bottleneck smaller time steps are needed. For example if the upstream
onrramp is located withira half a mile fromthe bottleneck, then the time step required for

analysisshould be less thaD seconds (assuming 60mph traveling speed).

The 30 secorsltravelling speedimposes halfmile segmentation for the freeway.
Considering the fact that geometric characteristics should remain equal across each segment,
and the HCM egmentation for a real freewal could be challenging to come up with

feasible exacatatching between artificial and HCM segmentation.
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Figure 117 Errors Caused by Atrtificial Segmentation

Figure1l shows the HCM and artificial segmentation of a freeway section. The dashed
lines show the artificial segmentation. Although by picking very small length for artificial
segmentatio the errordecreasethe dimensions of the problem increases dramatichiiy,

results in larger required computational time.

Following procedureis proposed for finding aesirablelength for artificial segments.
Let 6s -ais thel nighest errobetween HCM and artificial segmentatiovhich is
affordable to take. Therior anyresolution forartificial segmentationall errors should be
lessthan-. The objective is to minimize totalumber of artificial segment® improve
computation time The mathematical scheme dffie artificial segmentation has following

form:
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To reducecomplexity, following procedue is proposed téind the optimalsolution for

theartificial segment lengths. Following are the steps of the algorithm:
Step 0O:Start

Step 1:Slice the freeway by equal sized artificial segments with the length of smallest

sized segment in the facility.

Step 2: Check if the errors are less tharvalue. If they are larger proceed to step 3,

otherwise proceed to stdp
Step 3:Increase number of artificial segments by one unit, and then go to step 2.

Step 4:End
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StepO:
Start

v

Step1:

Set the artificial
segment length to the
smallest segment

length

Step 2:
Are all
errors smaller
than ?

Step 4:
End

Step 3:
Increase number of
artificial segments by
one unit

Figure 127 Process Flow for Generating Artifigi Segments

Figure12 shows the flow chart of proposed procedure for generating artificial segments.
This procedure is used for creating the artificial segmerttgsrdissertation. More optimized

methods could be employed to address this slicing.
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1.14. Relaxation of NontLinearity between Speed andFlow

Relaxation of NorLinear relationship between the traveling speed of vehicles and the
flow rate of vehicles in the segmts is the main simplification. According Eagure 3, the
relationship is closer to be linear in smalfeee Flow Speed$-FS. Usuallyramp meteng
strategy is used imetropolitan andccongested areas. This means ¥the h i speeglase
usually low.Moreover, the Speed Limits in metropolitan areas aret@amparing to rural
freeways These two facts justify the low FR&pectationin freeways tht are operating
under ramp metering.As presented inFigure 3, consideation of low FFSs justifies

approximating the speed of vehicles in the segmentisdayFFSs

Therefore, all speeds arassumed to beapproximatey 55 mph in the proposed
mathematical modeh this dissertationReasorfor this speed approximation is to link the
space (length) and the time together. Thusvo points have 1 mile distance, the traveling
time between these two points will be 1.1 minute. Considsrthe speed of the vehicles in
the freewayQis the distance between two points anid the travel time between these two
points. Then followng equations demonstratthe relationships between the traveling time

and the distance.
Q vo
pPa Qa @ arfQ o

—Q Q Q
o] ot pdHa Qe 00
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The result implieswhateverhappens inhe upstream point, the effect expedel minute

later in downstream point. In the mathematical model, ramp metering should be scheduled in

a way to account for this delay.
1.15. Modeling Stochasticity oft h e S e ¢apacityt 6 s

The way stochastic capacity has been defined and med&3jathposes a limitation in
its implementation. For measuring the capacity of the freeways, previous studies in Germany

have been done in only one critical segments of freef@8}, which is called freeway

section
a) Systematic bottieneck b) Freeway section without a systematic bottioneck
S » —
B i 7oA e I | - = L s 7 AR SO e i i == oo
- - - - - - - 1 -
measurement botieneck road widening measurement virtual beteneck downstream
cross socton cross soction crose sechon

Figure 13: Two cases of freeway sections under investigation for measuring the relig3]ity

Thereis not any sign osegment8definition in the stochastic capacity studi@s] [25].
A reasonable approach to employ stochastic capacity is to define it inké@étysegment.
Anotherapproach could be to defirtein the critical segment. Another challenge is that the
literature[23] [23] has not provide any information on the length of sections. Eventually as

an assumption in this research the concept of stochastic capacity are impleameiiied

HCM segments.
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Stodhastic nature of capacity ilscorporatedn the proposed model as a chance constraint
set. More specifically, with the aid of capacity probability percentiles capacity chance
constraints become deterministic and linear. In another word althcajgcity of each
segment is stochastic in all time stetp® proposednathematical modalses upper bound
on the probability of breakdowgrwhich translates intoapacity percentile probabilitieslse
of upper bounds due to long rurvaluation of the freway On the other hand if simulation
is considered to be used, then rantiomeneratedcapacities of each segmentostd be
determined for analysis, and long run simulation of the freeway systens wiehlar

performanceneasures

Based on the studies dreeways in Germany, theapacity ofeachfreewaysegment
follows Weibull distribution with parameters andf . The Weibull distribution parameters

are function of the geometry of the freewagegment$23]. So:

L G'AGY b a

CDF of the Weibull Distribution is:

Ow p Q

So, the appropriate constraint for limiting probabilitypoéakdown is:

43



The last term is a deterministic linear function thatermbeddedin the proposed
mathematical model. Note thaithoughh ort depend ont, but it does not mean that they
could necessarily vary by time. rge, it is assumed is stochastic with Weibull
distribution, it does not imply that they have different values in different time Siés.
rational beyond using t is to generalize the model, and make it capable of modeling time

based capacity changssch as sun set effect on drives eyes.
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1.16. The ProposedMathematical Model

3.7.1. Objective Function:

Several objectivéunctions could be incorporated to optimize ramp metering,rates
use of them could vary the optimal ramp metering solutidpglicable objective functions

could be:

1. MinimizingB 0 _ :
This objective function minimizes total number of vehicleatthre queued in the
metered oframp. Since blocking the omamp avoids entry trafficthis number is
associated with then-ramp delay Considenng, proposed mathematical modieles
not model traffic congestion in the freeway facilipnd fairly stabilized mainline
traffic speed, the only contributor to the travel time delaprisamp delay. This
linear objective functiormakes the model simple, angry quick to solve. This
functionality enables the proposed model to be incorporated onthme system wide
ramp metering optimization using traffic sensors in the freeway faciltaesly

Incorporatingpriority coefficierts in the objective function, some important

ramps could getnore priority in the freeway systeniThe poposed mathematical
model could shift the delay betd the ramp into other emamps if desired by analyst.
2. Maximizing total traffic flowonthe OrRamps B j i

This objective is easy to model. In previous studies, eadtas a coefficient which

will lead to a weighted average objective functiéh [6]. Because some emamp
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flows are more important than otheBsmilar discussios about the priority of the en
ramps are valid in this objective function term. Considering second constraint in the
proposed mathematical mddenaximization of total traffic flow on the mees on
ramps is equal to minimization of the queued vehicles behind meteneanps.By

use of priority coefficients_ in the objective function, some ramp flows can get

more priority.

3. Maximizing the reliability of the freeway facility from breakdown poof view:

There are two possible waio incorporatethis objective function. If specified term is
used as only objective, then appropriate constraints should be yséditoits on the
onrramps metering rates. The other way is to use this objectiatidaoralong with
oneof the two earlier objective functions. This wanpre than one objective function

is employed, which will create a Multi Objective Mathematical Model. For reducing
complexity of the problem one of objective functions could be incorporatéiaein

constraint sets, and leave the other one as the objective function.

Since this objective function is ndimear, assuming all equal to each other results
in a linearmodel. In the second proposed mathematical model this simplification is

considered to evaluate the reliability of the freeway facility.

In this research first objective function is incorporated infitg¢ mathematical model.
Main reason for choosing §t objective function comparing to the second one is the

translationand envisionof the optimal value of objective function. The optimal objective
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function value represents total number of vehicles #natqueued up in the metered on

ramps.

Second proposed mathematical model disied objective functiorwhich makest anon
linear programming problemAs discussed, as an assumption by putting a constraint set that
make all values gf equal to each other, the problem become linear. Simglification

results in | ower Ol ower boundé estimated by

There are several other objective functions used in the literatiwan and Kreer
minimized the sum of thequared di#rence between the metering rate and the demand,

claiming that this would leatb a better distribution of the queuing times.

3.7.2. Constraints

Six constraints are introduced in orde model the freeway facilities dynamics. These
constraing are provided in a flexible manner in which could be used for other demand
managemensystems such as different ATDM strategies. Along with the generality of the
mathematical terms they are customized to reflect the ramp metering dynamics on the

freeway sgtems.

1. Vehicle Flow Balancing Constraint The flow balancing constraint makes sure all
entering traffic will leave the segment in next time step. As presented in the
mathematical model, definition of artificial segments, and time steps have lead into
one tme unit gap in two consecutive artificial segmenthis is one of core

constraints that need to be in any mathematical model in which models traffic
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dynamic in the facility. Note that this constraint is based on the assumption of having
constant speed muss the facility, otherwise the ndinearity of the speeflow
relationship causes the first term in the constraint to have more complex form. In
order to reflect the spedtbw relationship more accurate, peagise linear modeling
of the curves are reemmended. This way, still this equation will be valid along with
another set of constraint which reflects the characteristics of the\pisedinearity.
This constraint is shown below:

Y i Q7Y QEdowodh: O
It should be noted that this equation is only valid at a certain point in each artificial
segmentFor simplicity we assume that the point in which this equation is valid is the

middle point of each artificial segment.

. On-Ramp Flow Constraint: The ramp metering rates could not exceed demand at
the ramp in addition to the queue left from previous time pefaite most of the
computations in HCM are based on 15 minute time intervals, we assunagnpn
entry flow variable, andhe demand arbourly basis This requires to be matched
with number of vehicles in the queue in each 15 minute analysis p&hedermt—

makes the unit of the last term in the second constraint to be in hourly basis.

I o R 0t Do E O O
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3. Queue Balancing Constraint: The number of vehicles in the queue between
different time steps should be balanc&te differencebetween the demand rate at
the metered omamp andallowed metered entry should be added to the previous

gueue length in the succeeding constraint.

1—0 Qi —0 "QE OOHE DG

4. Queue Length Upper bound Constraint: The queue lengthsannot exceed
maximum allowable space in each time step and each segiféatis due to
geometric limitation that some eamp on the freeway facility could haveypical

upper bound is 30 vehicles

6 0 Q¢ b o e O 0

5. Ramp Metering Rates Bounds Constraints:The ramp metering rate should vary
between its lower and upper boundfe reason for having the lower bound is that
the green time of the light installed at thetemed osramp cannot be less than the
necessary time for passing one vehiglee metering rate typically is between 180 to

240 vpvhpl and up to 900 vpvhpl

P06 1 1Y Q¢ b i E O G

6. Stochastic Capacity Constraint: The probability of congestion in a specific time

period and segment should not be more than a specific \Bésgcally this is the
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capacity constraint used in the literature. The only change is the incorporation of the
stothastic capacity as opposed to deterministic. The discussion of the terms used in

this constraint has been discussed earlier in this dissertation.

YT I Q¢ boode 0

=)

. Scope of the Variables ConstraintsAll Variables in this model are real positive
numbers.Fundamentally these variables are positive integer numbers. Since the
values of these constraints are usually high, in this dissertation it is assumed that they

arepositive real numbers.

Y,i,0 ™ Q¢ hood e 0
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3.7.3. Mathematical Model Formulation

Based on the discussion provided in last two sectidwesrtathematical modelith its

objective function and constraints gyeesented below.

- El _0

St.

o Y i Q%Y Q¢ doode Q

C i Q 1—0 "QE O HE DG
o 1—0 0 i 1—0 "Q¢ oM E Qv G
T 0 0 "Q¢ O OHE VG
0} i 00 1 i Yo "Q¢ o E Qv G
® Y1 [ Q¢ dmHE O

X Y 1,0 i "QE DwdeE O

Although proposed first mathematical model has three variadlgs, , and . only O

is the decision variable.
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3.7.4. Feasibility of the Model

The proposed mathematical model could become infeasible due to capacity constraint.
One of binding constraints in the mathematical model is the capacity constraint (constraint 6)
If this situation occurs, then it means that in some artificial segments and time steps it is

impossible to hold volume smaller than capacity associated with probability of congestion.

In other word, it means that by using ramp metering we cannot hold takilrgliof the
facility at the level of p %o . An interesting investigation would be to evaluat@ximum
level of reliability thatthis problenmcould hold while t f@asible This equally means what is

the maximum reliability of the facility that could be achieved.
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4. CASE STUDY AND NUMERICAL RESULTS:

This chapter discusses the implementatiorthef proposednathematical model for a
selectedcase study. Data preparation amhwersions along with solving theatmematical
modelis presentedn detail. Data conversion consists of generation of artificial segments,
and time steps for-580 and aggregation of ramp metering rates in 15 minutes analysis
periods.The results othe mathematical modetonsised of optimal ramp metering rates and
sensitivity analysis are driveAt the end of this chaptehé output of mathematical modsl
providedand arguedimplementing tle results of mathematical modal the real situation

using smulation software is provided in the next chapter.

All mainline and ramp® demand should be identified to implemehe proposed
mathematical modelln the real world all required data fahis modelis challengingto
collect. Basically most of the data available from freeway facilities are from sensors, or
probe based data gatherings tools. These data require pngcgisse the sensors collect
only volumesinstead ofdemandsAccesstacCal i f o5 &0 aidist ér s tdemand f r e e
arnd geometricdata,enables the evaluation of tipeoposed mathematical mod&loreover,
the use of proposed mathematical model is viable to an online sensor systenaltato

collect and estimate the demand and speed data.

4.1. 1-580 Case Study

The freewayfacility usedas an examplen this dissertationis interstateWB 580 in

California from mile pos60 to 45. This 6 miles section of 1580 covers three interchanges

53



depicted inFigure 14. The main reason for selecting this facility is the availabibfydata.
Required daténcludesgeometrictraffic demand andts variation informationl-580 data is
available from SHRP208 project[28]. Figure 14 shows 1580 in California, the scope of

the facilityis shown by theectangle

As mentioned, required data consist of all demands inrdiffesegments ananalysis
periods along with fr edMueyld presemte then gdomeitric

information and HCM segmentation okth580 case study.
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Figure 14: 1-580 Interstate in Californi§34]
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I-580 California West Bound Section 1 of 2

HCM Segment No: 1 2 3 4 5 6 7 8
Segment Type:| Basic Diverge Basic Merge Basic Diverge Basic Merge
Number of Lanes: 4 4 4 4 4 4 4 4
Segment Length(ft):| 12530 1500 2722 1500 695 1427 1870 1500
Uy =TT T T T T T T T T T T e e e e e e e

I-580 California West Bound Section 2 of 2

HCM Segment No: 9 10 11 12 13 14 15 16
Segment Type:| Merge Basic Diverge Basic Merge Basic Merge Basic
Number of Lanes: 4 4 4 4 4 4 4 4
Segment Length(ft):| 1000 500 1000 1570 660 240 660 2565
g T

Figure 15: Geometryand HCM segmentatioof 1-580 West Bound in California

The demandlataavailable for the-b80 case study hd$ minuteresolution.Table 2lists
thedemand valuem vehicle per houfor the study periog5am to 10am)in this case study,
it is assumedhat the demand level remains unchangdathin eachanalysis periodThus,

demandsn all time steps which fall into oremnalysisperiod aresame
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Table2 - DemandDatafor 1-580 Case Study (Veh/Hour)

HCM HCM HCM HCM HCM HCM HCM HCM
Analysis | Mainline | Segment| Segment| Segment| Segment| Segment| Segment| Segment| Segment

Period Entry 2 4 6 8 9 11 13 15
(OFR) (ONR) (OFR) (ONR) (ONR) (OFR) (ONR) (ONR)

t=1 7994 89 135 358 139 151 468 55 92
t=2 8037 90 135 360 139 152 470 55 93
t=3 8080 90 136 362 140 153 473 56 93
t=4 8123 91 137 364 141 154 476 56 94
=5 8166 111 159 415 196 218 524 69 125
t=6 8209 130 182 467 250 281 573 82 155
=7 8252 150 204 518 305 345 621 95 186

t=8 8295 169 226 569 359 408 669 108 216
t=9 8329 158 233 626 427 483 693 142 259
t=10 8363 147 239 683 495 558 718 175 302
t=11 8397 136 246 740 563 633 742 209 345
t=12 8181 125 252 797 631 708 766 242 388
t=13 8087 120 260 811 611 716 765 241 380
t=14 7994 116 268 825 592 724 764 240 371
t=15 7900 111 276 839 572 731 762 239 363
t=16 7706 106 284 853 552 739 761 238 354
t=17 7597 103 276 829 536 718 739 231 344
t=18 7388 100 268 804 520 697 717 224 334
t=19 7329 97 260 780 505 676 696 218 324
t=20 6969 94 251 755 489 654 674 211 313

Time frame of the studyr the study perioadonsists of 2Ganalysisperiods, which is
equal to five hours)( LO€ 0). This time framewhich is from 5AM to 10AM covers

AM peak period songestion between Tassajara Roadtacienda Drive.

4.2. Artificial Segmentation and Time Stefs

As discussee@arlier, longersegments should be sliced into smaller ones in order to have

equaltravel times between segments. So, the first step is to define artificial segrireguse
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15 shows the HCM segmentation of the case study. Some segments are short and some are
long. Considering cell transmission model, we can use @sired length forartificial
segment. But, all gemetric characteristics of the roadway should be equal within each

segment such as numh#rlanes, and capacity.

The poposed procedure in section 3.4 of this dissertation is used to generate artificial
segments for-b80 case studyWe assune - @ 1iQais the level of threshold for the
differencecof HCM and art i f isustairable far thigasestady.s 6 Q@ n gt h
is considered reasonable threshold since mo
estimation has 30 ft accurattyat resuls in 60 ft variation ( 30ft). Moreover, Google Maps

[30Jused for most of this dissertationbés segme

Figure 16 shows the behavior of maximum and mean value dWased on different
number of artificial segments defined fe680 case study. The minimum number of artificial
segments that is needed famstaining to the ¢ 1MQas 169 artificial segments. More
studying on the number of artificial segments and the value moposed another close
threshold for- which is 67ft. If- @ ¥Qds selected as desired threshold, then number of

artificial segments will reduce significantly to 107 artificial segments.

Only 7 fed increasing the value will reduce number of artificial segments by 57%.
Reducing number of artificiadegmentswill result in longer length for artificial segments,
and longer tire stepsModeling fewer time stepwill result in decreasing the size of the

problem significantly as shown in the sectior & this dissertation.

57



Assuming- =67 ft and bllowing the proposed procedurB)7 artificial segments should
be defined for thidacility. If the entire facility is divided byl07 equal sized artificial
segments, thenaximumerror between HCM segments and Atrtificial segments will be less
than 67 ft With 107 Artificial segments, the between all HCM segments and atrtificial
segmets is11.9 ft Having 107 artificial segments gives the minimum number of cuts where

the difference between the HCM and artificial segmentation falls betbveshold.

Mean and Max- for different size of slicing
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Figure 167 Mean and Max Value for DifferenNumber ofArtificial Segments

58



The discussed behavior of the threshold and number of artificial segmerare
completely dependent to the geometry of the freeway facility. Thus, for any freeway system

this segmentatioshould bedevelopedseparately.

Since the totanumber of artificial segments is 107, and the length of the facility is
32,539 ft, then length of each artificial segmenB@gl.1ft. Table 3shows the artificial

segmentation and their tyjpar I-580 case studgonsideringl07 artificial segments.

Table3: Artificial Segment$roposed for 1580 CaseSudy

Artificial Segment Artificial Segment Type
Number
1-45 Basic
46 Off-Ramp
46-54 Basic
55 On-Ramp
56-66 Basic
67 Off-Ramp
68-73 Basic
74 On-Ramp
1577 Basic
78 On-Ramp
79-84 Basic
85 Off-Ramp
86-90 Basic
91 On-Ramp
92-95 Basic
96 On-Ramp
97-107 Basic
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This case studias five oaramps the set of omamps is:
T v oo

HCM 2010 FREEVAL is a macrsimulation software used in this dissertation for
measuring the performance of freewayg.coding this facility in theHCM 2010FREEVAL
macro simulation software, the average speed of the faciligstisnated to bel0 mph
However, the average speed ltas effect of congestion, and intend of this research is to
avoid congestion, thus the average speed that should be used in the analysis is higher than 40
mph. (Appendix B) In order to measure the average speed of freeway facility in
undersaturatedondition, the demand level is decreased to turn the state of freeway operation
into undersaturated. The minimum reduction in demand level across the facility is measured
to be 1 % More discussion on the demand variability and level of congestion iglptbin
section 4.4 of this dissertatiohhe computation searched for minimum reduction in demand
value where all Demand to Capacity ratios for each HCM segment and Analysis Period
become less than 1. So, ab80 demand values are reduced by 1% andvages modeled
in HCM 2010 FREEVAL. The average speed measured for freeway facility is 58.4Tthmph.
average speed of 58.4 mph is an estimation of the average speed across the facility. For the
rest of calculationshe aveage speed of 60 mph is choserb&incorporated in this model.
The reason for rounding up the 58.4 mph value computed by simulator is to make sure that
the onrramps metering rates are operating earlier. More specifically, when slightly higher
speed is considered in the linking time apdce, then vehicles will travel two points in the
facility in a slightly shorter time that we are estimating by simulator softwares (FREEVAL).

This enables us to assure that when a ramp metering starts its operation, the effect (which are
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the vehicles) willeffective a slightly sooner than the time that breakdown is expéethed.

number of 15 minutes time periods fe880 case study is:
17 T
Assuming a average speedf 58.4 mph for this facility, and length of each artificial
segmento be304.1ft, thesize of time step will be:

0 COTTO8 LIPQWE & Qi
ooyt @

More precisely for example if two points are locatedth 100 artificial segments from
each other, then theavel time is estimated to l@& v p 1 T 0 T secondsConsidering—
is number of time steps in tla@alysisperiod. Then:

PLU @
og v O

Com

Total number of time steps in study period is calculated as:

Y MM @TMUCTT

4.3. The Upper bound on the Probability of Breakdown:

To characterize the capacity constraint (Constraumhber 6 in the proposed mopel

andf values should be determined. Previous stuf€$ have shown that the nominal
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capacity of the freeways represents 3% probability of traffic breakdown imialdie time
interval. These studies are done in Germany, which uses peak hourly flow rate in freeway
analysis computations as opposed to US that uses peak 15 min flowBestgb.on HBS

[31] the capacity for a two lane freeway segment is 3900 vehicles which is equal to 7800
vehicles per hour for a four lane segment. A flow equal to 7800 vehicles per hour will result
in 3% chance of breakdown in a S5mate time intervalHowever the capacity of each HCM

segments of-b80 case study based on HCM is 8910 vehicles per hour (APPENDIX 1).

Next step is to determine the probability of breakdown associated with HCM nominal
capacity.The relationship betweertale parametdr andnominalHBS capacity of freeway
is presented ifrigure 17. If wrepresents the nominal capacity of the freeway segment then

approximated relatimship with scale parametkased orFigure17 will be:

T p& @

Thus, for determining which is the shape parameter of Weibull distribution, following
equation shdd be solved.This equation represents the cumulative Weibull distribution

function of HBS capacity equal to 3%.

Ow p Q T8t

So,
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Figure 1771 Relationship between the scale paramgtand nominal capacity

So, the capacity distribution of each 4 lanes segment has following distribution function:

L X 0QQOP PP gx YT T

peak period traffic count

Figure 18 presents the distribution of the capacity of a four lane facility segaieng

with nominalHCM capacity of 891@ehicles per hour based on HCM which uses 15 minute
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Capacity Distribution of a 4 Lane Segment in-enBute Time Interval
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Figure 18: Distribution of Capacity in aFour LaneFreeway $gment

The nominal capacity of eactHCM segment i88910 (APPENDIX A) vehicles perhour
which corresponds t80% chance of breakdown in a 5 minute time intervVake @pacity for

other percentages should be calculated based on the Weibull distribution which is

L X OQQOP PP gx YT T

)

L opggxymm ©

Wherg denoteghedesired percentile capacity.

In this section the conversion HCM and HBS capacity distribution function is discussed.
Based on the calculations the nominal HCM capacity is equal to 20% chance of breakdown

in a 5 minute time interval.
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4.4. Some Insights on Congestion of the$80 Case Study

The ratio of demand toapacity identifies the level of congestion in a freeway facility.
We chose nominal capacity of freeway segments for this represent®e&solution of
demand data is based @malysisperiods. Since our mathematical modabnsider3.45
second time stepspnversion of demand from 15 minwaalysisperiods into3.45 second
time steps are necessary. It is assumed that the demand ianedyg$is periods constant
and all3.45second time steps will have same demand in that time pdradde 4shows
demandto capacity values. Clearly the only congestion will start in time period 11 and

artificial segment§8 through 84.

Table4: Demand to Capacity Ratio for All Artificial Segments in All Time Periods

145 | a6 | D | 55 | % | 67 | 6873 | 7a | 7577 | 78 | 7984 | 85 | 8690 | 91 | 9295 | 9 | ;o
t=1 | 0.0 | 0.89 | 0.89 | 0.0 | 0.0 | 0.86 | 086 | 088 | 088 | 0.89 | 0.89 | 0.84 | 084 | 085 | 085 | 0:86 | 0.86
=2 | 0.0 | 0.89 | 0.89 | 0.01] 091 | 0.87 | 087 | 088 | 0838 | 0.90 | 0.90 | 0.85| 0.85 | 0.85] 0.85 | 0.86 ] 0.86
=3 | 0.91 | 0.90 | 0.90 | 0.01 ] 0.91 | 0.87 | 0.87 | 0.89 | 0.89 | 0.90 | 0.90 | 0.85 | 0.85 | 0.86 | 0.86 | 0.87 | 0.87
=4 | 0.91 | 0.90 | 0.90 | 0.02 | 0.92 | 0.83 | 0.88 | 0.89 | 0.89 | 0.91 | 0.91 | 0.86 | 0.86 | 0.86 | 0.86 | 0.87 | 0.87
t=5 | 0.92 | 0.90 | 0.90 | 0.02 | 0.92 | 0.88 | 0.88 | 0.0 | 0.0 | 0.92 | 0.92 | 0.86 | 0.86 | 0.87 | 0.87 | 0.83 | 0.88
=6 | 0.92 | 0.91 [ 0.1 | 003 0.93 | 0.87 | 0.87 [ 0.90] 0.0 [ 093 [ 0.93 | 0.87 | 0.87 | 0.88] 0.88 | 0.0 | 0.90
=7 | 093 | 0.91 | 091 | 093] 0.93 | 0.87 | 087 | 091 001 | 095] 095 | 0.8 0.88 | 0.89 ] 089 | 0.91] 0.9
=8 | 0.93 | 0.91 | 0.1 | 0.04] 0.94 | 0.87 | 087 | 091 001 | 096] 096 | 0.8 0.88 | 0.90] 090 | 0.92] 0.92
=9 | 098 | 0.92 | 0.92 | 0.04 ] 0.94 | 0.87 | 0.87 | 092 | 092 | 098] 098 | 000 | 090 [ 0.91] 091 | 0.94] 0.9
=10 | 0.94 | 0.92 | 0.92 | 0.5 0.95 | 0.87 [ 0.87 [ 0.93 | 0.3 [ 0.9 0.99 | 0.0L | 0.1 [ 0.93| 0.3 | 0.96 | 0.9
=11 | 0.94 | 0.93 | 0.93 | 095 0.95 | 0.87 | 0.87 [ 093 | 003 | L.0L| .01 | 002 092 [ 0.95] 095 | 098] 0.98
=12 | 0.92 | 0.90 | 0.0 | 0.3 | 0.93 | 0.84 | 0.84 [ 091 ] 001 | 0.9 | 099 | 001 | 091 [ 0.93 | 093 | 098 | 0.98
=13 | 0.91 | 0.89 | 0.89 | 0.92 | 0.92 | 0.83 | 0.83 | 0.0 | 0.0 | 0.98 | 0.98 | 0.00 | 0.0 | 0.92] 092 | 0.7 | 0.97
=14 | 0.90 | 0.88 | 0.88 | 001 ] 0.1 | 0.82] 082 | 0.89 | 089 | 097 | 097 | 0.8 0.88 | 0.91] 091 | 0.95] 0.95
=15 | 0.89 | 0.87 | 0.87 | 001 0.91 | 0.81 ] 081 | 0.88 | 0838 | 0.96 | 0.96 | 0.87 | 0.87 | 0.90 | 0.0 | 0.04 | 0.9
=16 | 0.86 | 0.85 | 0.85 | 0.88 | 0.88 | 0.79 | 0.79 | 0.85 | 0.85 | 0.93 | 0.93 | 0.85 | 0.85 | 0.88 | 0.88 | 0.92 | 0.92
=17 | 0.85 | 0.84 | 0.84 | 0.87 | 0.87 | 0.78 | 0.78 | 0.84 | 0.84 | 0.92 | 0.92 | 0.84 | 0.84 | 0.86 | 0.86 | 0.0 | 0.90
=18 | 0.83 | 0.82 | 0.82 | 0.85 | 0.85 | 0.76 | 0.76 | 0.82 | 0.2 | 0.89 | 0.8 | 0.81 | 0.81 | 0.84 | 0.84 | 0.83 | 0.88
=19 | 0.82 | 0.81 | 0.81 | 0.84 ] 0.84 | 0./5] 0.5 | 081 ] 081 | 0.89 | 089 | 0.81 | 081 | 0.83 | 083 | 0.87 | 0.87
=20 | 0.78 | 0.77 | 0.77 | 0.80 | 0.80 [ 0.72 | 0.72_ | 0.77 | 0.7 | 0.84 | 0.84 [ 077 0.7 [ 079 079 | 0.83 ] 0.83

As Table 4 demonstrates, the scope of the analysis covers the peak period as well as

congestion queue.
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4.5. Model Implementation

The upper bound of ramp meteringtes cannot exceed 900 vehicles per houreOn
vehicle per green metering has a capacity of 900 vehicles pefljolr this case study we
assumed, " v B O5" wmand, Hb. The reason for setting queue capacity at each
onrramp tothe infiniteis to measure the maximueffect of ramp meteringAll on-ramps are
considered to be metered. Since, the demand for the first couple of 15 minute analysis
periods are 55 vphréable 3, the lower bound on the metering rate is set to 55te@void

the infeasibility of the mathematical model.

When demand increases (By adjustment factor), the dowalue makes the model

infeasible It is assumed that the priority of each-amp is equal to all others, thus:

p NG p&uvCTT

The initial portionof data preparatioms carried outin Excel which includes demand
categorization for each artificial segment and time dbegmand values are put in matrixes
with the size of number of time steps, and artificial segm&ASOR 9.2 [31] wasused for
solving the mathematical modelrhus, all required data for the model are converted to SAS

Data Sets.
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Appropriate code has beédeveloped to solve the mathematical progaAppendix A
includes the SAS coder model 11-580 exampleThe formulation used for finding optimal

ramp metering rates is:

- Ef 0

St.

o Y i Q 7Y MEOG pOHCTIEQ poOPTY
C i N 1—0 MED po D ¢ TaE NG
o 1—0 Qi1 10 MQED pOoDH ¢ TIEDQ
T6 0 "Vt o po b ¢ e OO
v i 06 1 i Y6 MEDG pOH ¢ IR OO
o) Yo [ MEG podH ¢ TIE NG
X Y,i,00 0w MED poOLCTIEQ poO P TTYX

T vixtx oo
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The Optimal Solution and Its Interpretation:

This problem ha4,674,400variables, an®,808000 constraints. It take81 seconds to
solve in a Intel Zeon 2.67 Ghz with 4GB RAM. The objective value becé@2#8vehicles
in a3 second time steps. This means that if maxintweakdown probabilithecomes% in
each HCM segment in a 5 minute peritdten6246vehicles in total time steps should stand
in queue Considering there are 5200 time steps in the study period, andasnges, then the

average number of vehicles in theramp queue is:

- ~ - T
50 Q1 6B ORI T FBME 6 Qo '%z%q’ & T

The optimal solution for mathematical model is storednarrayof sizev ¢ 1T 1p Tt Xn
the SAS data sefTable 5 shows a piece of this array from time step 3700 to 3729 and the

metering rates variation.
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Table51 Optimal Solution from Time step 3700 to 3729

Time Artificial Artificial Artificial Artificial Artificial
Step Segment 55 Segment 74 Segment 78 Segment 91 Segment 96
(Veh/H) (Veh/H) (Veh/H) (Veh/H) (Veh/H)

3700 55 418.4757 418.4757 239 363
3701 55 900 418.4757 239 363
3702 55 900 418.4757 239 363
3703 55 900 55 239 363
3704 55 900 900 239 363
3705 55 900 418.4757 239 363
3706 55 900 418.4757 239 363
3707 55 900 418.4757 239 363
3708 55 900 418.4757 239 363
3709 512.4757 900 418.4757 239 363
3710 55 900 418.4757 239 363
3711 512.4757 900 418.4757 239 363
3712 512.4757 900 418.4757 239 363
3713 55 900 418.4757 239 363
3714 55 572 418.4757 239 363
3715 55 512.4757 418.4757 239 363
3716 55 631.5243 418.4757 239 363
3717 55 572 418.4757 239 363
3718 55 512.4757 840.4757 239 363
3719 512.4757 512.4757 900 239 363
3720 55 691.0485 780.9515 239 363
3721 55 512.4757 840.4757 239 363
3722 55 512.4757 900 239 363
3723 512.4757 512.4757 900 239 363
3724 55 512.4757 721.4272 239 363
3725 55 512.4757 900 239 363
3726 55 512.4757 900 239 363
3727 55 512.4757 900 239 363
3728 55 55 900 239 363
3729 55 512.4757 900 239 363
3730 55 55 900 239 363
3731 294.3301 55 900 239 363
3732 55 900 900 239 363
3733 55 512.4757 900 239 363
3734 55 789.8155 900 239 363
3735 55 512.4757 900 239 363
3736 55 512.4757 512.4757 239 363
3737 55 512.4757 900 239 363

69



Appropriate SASprocedureused for transferring this optimal values to Excel to do
further analysigAppendix A) Optimal Solution shows ramp metering onlytie first three
onramp segmentsTable 6 shows the aggregateaptimal ramp metering rates in each
analysis period for fst three segmentslhe analysis periods which ramp metering is

enforced are shaded.

Table61 Aggregated Ramp Metering Rates f&80 Case Study (Vehicles per Hour)

. Metered Atrtificial Mgtgred Atrtificial Me_tgrgd Artificial
Analysis e Segment | Atrtificial Segment | Atrtificial Segment
; Atrtificial
Period Segment 55 55 Segment 74 Segment 78
Demand 74 Demand 78 Demand
t=1 135 135 139 139 151 151
t=2 135 135 139 139 152 152
t=3 136 136 140 140 153 153
t=4 137 137 141 141 154 154
t=5 159 159 196 196 218 218
t=6 182 182 250 250 281 281
t=7 204 204 305 305 345 345
t=8 226 226 359 359 408 408
t=9 233 233 427 427 483 483
t=10 238 239 495 495 558 558
t=11 209.7 246 561.8 563 631.9 633
t=12 289.3 252 613.7 631 709.1 708
t=13 260 260 629.6 611 716 716
t=14 268 268 592 592 724 724
t=15 276 276 572 572 731 731
t=16 284 284 552 552 739 739
t=17 276 276 536 536 718 718
t=18 268 268 520 520 697 697
t=19 260 260 505 505 676 676
t=20 251 251 489 489 654 654
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To make the optimal solution usable by HCM 2010 FREEVAL maaralation
software, all optimal metered rates are aggregated over 15 minute time periods. The
metering rates which are shown Table 6 can be entered in HCM 2010 FREEVAL. In
Chapter 5 of this dissertation the applicatiorthed proposed modés investigated, anthe

resultsof simulation models are discussé@able 7 showsthe average numbef vehicles

that are in the queue behitiee metering traffic light

Table71 Average Number of Vehicles behind MeteredRamp(Vehicles)

Analysis | Atrtificial Atrtificial Artificial Atrtificial Atrtificial
Period | Segment 55| Segment 74| Segment 78| Segment 91| Segment 96
1 0 0 0 0 0
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0
10 0.01 0 0 0 0
11 2.53 1.62 1.17 0 0
12 6.76 2.40 6.80 0 0
13 0.86 1.72 0.15 0 0
14 0 0 0 0 0
15 0 0 0 0 0
16 0 0 0 0 0
17 0 0 0 0 0
18 0 0 0 0 0
19 0 0 0 0 0
20 0 0 0 0 0
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In Table7, the first orramp starts its metering oamalysisperiod earlier than other two

on-ramps

Thi s

S

due

t

o |inki

ng t

me

and

formulation. More detailanalysis on the start time of the metering betweemaarpsis

shown inTable8.

Table 8 presents the start and end time step which metergdmops do metering. As

spac

presented, the artificial segment 55 starts and ends its metering earlier than other two. The

difference between att and end time of artificial segment 74 and 78 is lower since, they are

located closer comparing to artificial segment 55. Artificial segment 74 and 78 only have

four segments distance, while the segment 55 has about 20 segments. This describes the

differencerate of their operation.

In Figurel9 demand versusietered entryateis depicted Apparently ramp metering has

small effect in enteringaffic. Thus the delay behind the-samps is not expected to be very

Table81 Start and End Time Step for Operation of MeteredRamps

Operation Artificial Atrtificial Atrtificial
Status Segment 55 Segment 74 Segment 78
Start Metering 2584 2601 2606
Time Step
EndMetering 3210 3231 3237
Time Step

large As presented ifrigure 19, the curves demonstrate that the metering tiirs$ to avoid

all demand entry. This causes the queues to form behind tfteagm Then, after a while, it
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tries to enter all the demand, and queue left overs into mainline, this causes the entry level to

be higher than demand level.

On-Ramp Demand Versus Optimal Metering

Rates
800
700 N Artificial Segment 55
3 600 - == Artificial Segment 74
T
S 500 o
” —@— Artificial Segment 78
S 400
é — &= Metered Artificial Segment
> H_*,Atl*—*_* >
200 = - —m— Metered Artificial Segment
74
100 T T T T T 1

= A= Metered Artificial Segment

9 10 11 12 13 14 15 78

Analysis Period

Figure 19: Metering Rate vOn-Ramp Demand
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Figure 20: Difference between Demand and Metering Rates
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It can beseen in Figure 20 artificial segment5 starts metering one time period earlier
than artificial segment74 and 78. The reason is time lag between thettlenecksand
segments. Clearly bottleneck is aftatificial segment78, sinceartificial segment 15 has
more distance thaartificial segment 19 and 20, it needs to start metering edvi@reover,
the other two omamps downstream of the freeway will not do any ramp metering based on

the optimal solution othis problem.

4.6. Sensitivity Analysis

In this section sensitivity of objective function has been investigatedifferent levels

of Demand, and Upper Bound on the Probability of Breakdown

4.6.1. Sensitivity to Demand

All demands including mainlinentry in the first segment, and all ramp demands are
changed by a coefficientalled Demand Adjustment Factor (DAR) investigatethe
sensitivity of first mathematical modellable 9presents diffeent objective function values

for different DAFs.
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Table9: Demand Sensitivity Analysis

Demand Adjustment | Optimal Objective | Average Number of Vehicles Behind
Factor Function Value Queues in any ORRamp

0.98 0.439 0.00
0.99 258 0.01

1 =(Real Data) 6246 0.24
1.01 37977 1.46
1.02 138135 5.31
1.03 313636 12.06
1.04 589378 22.67
1.05 984173 37.85
1.06 1478278 56.86
1.07 Infeasible Infeasible

As Table 9shows, it is cleathat ramp metering could improve performance of freeway
facilities in low congested facilities. 1R980 case study, ramp metering could be beneficial if
demand become at most 6.105% higher than capacity of critical segment. Although this
model deals withundersaturated case, but ramp metering could have improvement effect
even in oversaturated situatiomsgure 21 shows the rate of increase in queeerdths will

grow when demand increases.
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Optimal Objective Function Value
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Figure 21: Demand Sensitivity Analysis

4.6.2. Sensitivity to Upper Bound ofBreakdown Probability

In this sectionsensitivity of this problem due to different probabilities of congesson
investigated Table 10 presents this sensitivity due to changes in the upper bound of
congestion probability. Thedweakdownprobabilities are for each segment, in another

words they are not facility wide.
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Tablel10: Sensitivity Analysis by Varying Upper Bound of ProbabilityBotakdown

Upper Bound on Capacity of Objective Average Number of
Probability of Congestion Each Segment | Function Vehicles Behind Queues
in Each Segment (veh'hr) Value in any On-Ramp
7.3% 8280 Infeasible Infeasible

10.8% 8505 837726 32.22
14% 8670 255627 9.83
20% 8910 6246 0.24
26.4% 9084 0.84 0.00
32% 9222 0 0.00

A conclusion would be that in-380 case study, probability of congestion in each
segment is less than 4.1% in 5 minute time periods. Because, when it goes beyond that point,

proposed mathematical model return O as optimal objective \FEyeae22 shows discussed

behavior.
Sensitivity to the Upper Bound of Probability of Breakdown
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Figure 22: Sensitivity Analysis by Varying Upper Bound of Probability of Congestion
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5. SIMULATION ANALYSIS AND RESULTS

This chapterdiscusseshe application othe proposednathematicamode| andits effect
in a macrasimulation modehg environment HCM 2010 FREEVAL macro simulation
software is used to evaluate the effect of ramp metdfmgthispurpose all 45680 geometric
and demand information is coded in FREEVAL. FREEVialfed with ramp metering rates
which are available frorthe mathematical modehstead of green and red light durations on
the metered onamps. Later in this chapter, the conversion of metering rates into red and

green times is discussed.

This chapter focuses on the transportation aspect of ramp metering implementation.
Details ofall optimization computations are discussed in chapter 4. In the examples provided

in this chapter the resultd mathematical modere fed into simulation model.

5.1. Modeling 580 in HCM 2010 FREEVAL

The maximum demand to capacity rafidax D/C) for I-580 case study is 1.0that
shows the freewafacility is not verycongestedUsually demand to capacity ratio is higher
in the facilities with ramp metering. Thus, a demand adjustment factor of 1.06 is used to
increase congestion level of th&80 freevay. The maximum increasé demand in which
model keeps its feasibility is 1.0610%Table 9. Otherwise, larger upper bound for
probability of breakdown should be chosen to increase the associated level of capacity that

results in feasility of the mathematical model
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This increase in the demand level is carried out in FREEW&Lusing the Demand
Adjustment Fctor (DAF) input The rest of inputs for FREEVAL simulation such as

geometric information are actuab80 datgAppendix B)

As the baseline for eluations, 1580 case studgwith 6% demand increase modeled
in FREEVAL with no ramp metering. Since, demand to capacity ratio is more thaa 1; w
expect to have breakdowm the study period.Appendix B contains all geometric
information along with denmal information for the first analysis period entered in
FREEVAL along withsummary and detailed analysis outpof FREEVAL for the base

case.

For the analysis Jam density of 190 pc/mi/ln, aefault capacity drop in the queue
discharge modequal to7% is used for computationg\wverage travel time for all vehicles
that are travelling in the studyeriod across facility and sum of all delays for each vehicle
(VHD) are computed. Thevarage travel time is equal ta29.minutes, andhetotal hours of

delayare2,324.8hours.

As shownsummary Results in Appendix, Bhe maximundemand to capacity){C) ratio
is 1.07, which is the base case increased by 6%. The Summary régpendix B
worksheet in FREEVAL does not report total-iamp delay that is important to be
computed. Based on manual computations, theamp delay izerothat means all the delay
belongs to the mainline. This zero-tamp delay was expected since there is mopra

metering implemented for thexample
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The increasedemand version of%80 becomes a good candidate for ramp metering. In

the next sections ramp metering based our proposed mathematical model and one other

selected algorithm is presented.

5.2. Mathematical Model Outcome on 580 Performance

Since, we had an increase in the demand level of thestabgwe are unable to use the
optimal metering rates generated in chaptéefhe mathematical modshould bere-solved
for newdemandvalues.Table 11shows the optimal ramp metering rates aggregated for each
analysis period, and HCM segment. Note thdien demandand metering rates are equal,
the ramp metering shoulzk disabled on then-rampin theentire15 minuteanalysis period.
For this purposennlFREEVALt he maxi mum rampds capacity

per lane is entered as ramp metering rate.
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Tablelli FREEVAL Ramp Meteringates(Vehicles per Hour)

Analysis | HCM segment | HCM segment | HCM Segment | HCM Segment | HCM Segment
Period 4 8 9 13 15
1 2100 2100 2100 2100 2100
2 2100 2100 2100 2100 2100
3 2100 2100 2100 2100 2100
4 2100 2100 2100 2100 2100
5 2100 2100 2100 2100 2100
6 181 2100 2100 2100 2100
7 166 2100 342 2100 2100
8 77 2100 410 2100 2100
9 55 324 482 2100 2100
10 55 378 444 2100 2100
11 55 552 267 2100 2100
12 55 728 303 2100 2100
13 55 719 436 2100 2100
14 62 543 705 2100 2100
15 219 635 614 2100 2100
16 217 559 784 2100 2100
17 319 488 900 2100 2100
18 638 499 757 2100 2100
19 722 526 684 2100 2100
20 845 536 740 2100 2100

In Table 11 the analysis periosvith ramp meteang are shown by gray background.
Exceptfor the ramp metering values, all other FREEVAL inputs are saritle respect to
base casdSection 5.1) The averagdravel time after incorporating the ramp metering
becomes &89 minutes. This shows 28 reduction in the average travel tin8ystem delay
is sum of the delay on the @wamps and mainline. Theystem delay is equal to 2461.1
vehicle hours. The mainline @sfis 631.5 hours which is decreased significantly comparing
to the base case. This reduction in the mainline delay is due to ramp metering incorporation.
The onramp delay becomes 1829.6 hours. Totally, the system delay is increased by 6%.
Appendix C cordins all summary and detail simulation output €¥8D case study with

proposed model 6s ramp metering rates.
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5.3. Ramp Metering using ALINEA Algorithm

In this reseach ALINEA algorithm is selected tdoe modekd in FREEVAL andto be
compared to our proposedmp meteringates ALINEA is the local version of METALINE
algorithm. METALINE algorithm ioordinated traffic responsive algoritldiscussed in the
first chapter Basa on the findings iriterature[15], METALINE best pefiorms when there
is an incident on the roadway, otherwise for recurring congestion both of these algorithms
work similarly. To avoid complexity, and due to the fact that in our simulation we do not

model any incidenvn the freeway, ALINEA is selected

As discussed in the literature review section of this dissertation, the algorithm uses

following recursiveequation to find the ramp metering rates.

Based on the field results, the valuerefulatory coefficient) is set to70 [14]. This
algorithm needs sensdatato read the occupancy in the downstream of theaomp that
usually gets updated every 40 seconds. Since in FREEVAL all computations are in 15
minutes basis, and there is no occupandput for the downstream of the-oamp, we have
used the density of the downstream segment of theuop to estimate the occupandye
traffic density is defined as the number of vehicles occupying a length of rofgatagnd
the acupancy is defined as the percent of time a point or short section of roadway is
occupied by vehicle§21]. The iteration period then becomes 15 minut@scupancy is

estimated based on density using followatgation
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Where0d and0 is the length of sensor amderagevehicle in feet. Assumingverage
length of sensor to bef6and average length of vehicles to beft2@hen Percent Occupancy
is Density (Vehicle per Linper Mile) divided by 2.04. If maximum undeaturated density
is 45 vplpm, then maximum occupancy will be 22.5%. Based on previous field
implementation{14] of ALINEA target occupancyy is also selected to be a little lessrtha

maximum occupancy. Thus target occupancy is set to be equal to 21%

This recursive computation is carried out in VBA/Exe&th the limitation of upper and
lower bound equal to the values that is used in the proposed mathematicalTthedgbper

bound & 900 and lower bound of 55 vehicles per hour is deployed.

The recursive process starts with no ramp metering case. Based on the results of the
analysis all densities faall analysis periods are availabléhen the ALINEA algorithm is
used to generate thhamp metering rates. FREEVAL is called again to analyze the facility

with the first set of ramp metering rates.

Based on the metering rates, wgdateFREEVAL and then based on updated densities
affected by the ramp metering in previous iteratieew ranp metering values are calculated.
We have followed this recursive iteration umimpmeteringvalues merge together along
with other simulation outputs such as travel time and hours of delay on the fréeguag.

23 and 24 shows the metering rates computedniyiteration for HCM segment 4 and 9

respectively. InFigure23 and 24 the average travel time is shown by dashed line. As shown
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in Figure23 and 24, the metering rates and average travel time values merges. More detail
analysisin each iteration shows once the facility goes into undersaturated mode, the metering

rates doesno6t change "hteratdn. The merge occur s

HCM Segment 4 Ramp Metering Rates For Different Analysis Periods
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Figure 237 HCM Segment 4 Ramp Metering Rates (Veh/Hour)
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HCM Segment 9 Ramp Metering Rates For Different Analysis Periods
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Figure247 HCM Segment 9 Ramp Metering Rates (Veh/Hour)

Table 12 presents the ramp metering rates generated by specified reprosass As
presented, ALINEA does not meter the secondammp. These metering rates are fed into
FREEVAL, and tle average travel time has become 6.5959 minutes. The vehicles hours of
delay in the system is reported as 2499.2 hours, where 1862.3 hours belong toatin@on

delay.
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Tablel2i Metering Rate®ased on ALINEA algorithifVehicles per Hour)

Analysis HCM HCM HCM Segment | HCM Segment | HCM Segment
Period segment 4 segment 8 9 13 15
1 2100 2100 2100 2100 2100
2 2100 2100 2100 2100 2100
3 2100 2100 2100 2100 2100
4 2100 2100 2100 2100 2100
5 2100 2100 2100 2100 2100
6 2100 2100 843 2100 2100
7 2100 2100 242 2100 2100
8 355 2100 190 2100 2100
9 159 2100 205 2100 2100
10 111 2100 188 2100 2100
11 80 2100 170 2100 2100
12 265 2100 176 2100 2100
13 376 2100 224 2100 2100
14 471 2100 267 2100 2100
15 2100 2100 435 2100 2100
16 2100 2100 782 2100 2100
17 2100 2100 896 2100 2100
18 2100 2100 2100 2100 2100
19 2100 2100 2100 2100 2100
20 2100 2100 2100 2100 2100

Appendix D containsthe summaryand detailedoutput of the last iterationwhere the

rampmetering rateare merged to constant values.
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54 Eval uation of Pefampaoceed Model 0s

Based on the served volumes in all analysis periods, the probability of having breakdown
in each analysis period is computed. Since, forenula provided in section 4.3 ofish
dissertation gives the cumulative probability of breakdowa fnminute time interval; we
need to assumthat each analysis period is consisted of three independent 5 minute time
intervals. By multiplication of complementary probabilities of breakdotine, analysis
period probability of breakdown is computeddoreover, we have assumed that the
stochasticapacity of freeway segmentdgfined on the HCM segmen(Section 3.1 of this
document) Considerj) represents the probability of breakdowrHEM segment,jthen for
each 5 minute time intervals we can compute the probability of breakdown across the
facility. SupposeD is the probability of having breakdown on the facility in a 5

minute time interval, then:

Since, each analysis period is consisted of threenbite time intervals, the probability

of breakdown across the facility in any 15 minute analysis period is computed based on:
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Where, 0 is the probability of breakdown across the facility in a 15 minute

analysis period.

Table13i Probability of Breakdown acrods580Facility in a 5 Minute Time Interval

Analysis Period Probability of Breakdown Acros_s Facility
ALINEA | Proposed Mathematical Model
1 0.7371 0.7371
2 0.7643 0.7643
3 0.7917 0.7917
4 0.8172 0.8172
5 0.8539 0.8539
6 0.8873 0.8873
7 0.8950 0.8982
8 0.9036 0.8958
9 0.9057 0.9004
10 0.9122 0.9132
11 0.9228 0.9242
12 0.8984 0.8738
13 0.8934 0.8535
14 0.8843 0.8259
15 0.8501 0.8347
16 0.7913 0.7452
17 0.7680 0.7475
18 0.7734 0.7320
19 0.7664 0.7312
20 0.7313 0.5961

Figure 25 shows the superior of proposed algorithm compared to ALINEA where the
probability of breakdown across facility is lower in most of second half of study period.
Table14 and 15 provides the probability of breakdown in a 5 minute time interval for each

HCM segment and Analysis Period using Proposed and ALINEA algorithm.
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Tablel14i Probability of Breakdown (In a 5 minute time intervial) each HCM Segment and 15
Proposed

Mi nute Analysis Period Using

. . HCM Segment

Analysis Period — 2 3 2 5 6 7 8 9 | 10 [ 11 [ 12 | 13 | 14 | 15 | 16
=1 0.10 | 0.10 | 0.09 | 0.11 | 0.11 | 0.11 | 0.06 | 0.07 | 0.10 | 0.10 | 0.10 | 0.04 | 0.04 | 0.04 | 0.05 | 0.05
=2 0.11 | 0.11 | 0.09 | 0.12 | 0.12 | 0.12 | 0.06 | 0.08 | 0.10 | 0.10 | 0.10 | 0.04 | 0.05 | 0.05 | 0.06 | 0.06
=3 0.12| 0.12 | 0.10 | 0.13 | 0.13 | 0.13 | 0.07 | 0.09 | 0.11 | 0.11 | 0.11 | 0.05 | 0.05 | 0.05 | 0.06 | 0.06
=4 0.13| 0.13 | 0.11 | 0.14 | 0.14 | 0.14 | 0.07 | 0.09 | 0.12 | 0.12 | 0.12 | 0.05 | 0.06 | 0.06 | 0.07 | 0.07
=5 0.14 | 0.14 | 0.11 | 0.15 | 0.15 | 0.15 | 0.07 | 0.10 | 0.15 | 0.15 | 0.15 | 0.06 | 0.07 | 0.07 | 0.08 | 0.08
=6 0.15| 0.15 | 0.12 | 0.16 | 0.16 | 0.16 | 0.07 | 0.11 | 0.18 | 0.18 | 0.18 | 0.06 | 0.08 | 0.08 | 0.10 | 0.10
=7 0.16 | 0.16 | 0.12 | 0.16 | 0.16 | 0.16 | 0.06 | 0.11 | 0.19 | 0.19 | 0.19 | 0.07 | 0.08 | 0.08 | 0.11 | 0.11
=8 0.17 | 0.17 | 0.13 | 0.14 | 0.14 | 0.14 | 0.05 | 0.10 | 0.20 | 0.20 | 0.20 | 0.06 | 0.08 | 0.08 | 0.11 | 0.11
=9 0.18 | 0.18 | 0.14 | 0.15 | 0.15 | 0.15 | 0.05 | 0.09 | 0.19 | 0.19 | 0.19 | 0.06 | 0.08 | 0.08 | 0.12 | 0.12
=10 0.19 | 0.19 | 0.15 | 0.16 | 0.16 | 0.16 | 0.05 | 0.10 | 0.20 | 0.20 | 0.20 | 0.06 | 0.08 | 0.08 | 0.14 | 0.14
=11 0.20 | 0.20 | 0.16 | 0.18 | 0.18 | 0.18 | 0.05 | 0.12 | 0.19 | 0.19 | 0.19 | 0.06 | 0.08 | 0.08 | 0.15 | 0.15
=12 0.14 | 0.14 | 0.11 | 0.12 | 0.12 | 0.12 | 0.03 | 0.11 | 0.17 | 0.17 | 0.17 | 0.05 | 0.08 | 0.08 | 0.15 | 0.15
=13 0.12 | 0.12 | 0.10 | 0.11 | 0.11 | 0.11 | 0.02 | 0.09 | 0.18 | 0.18 | 0.18 | 0.05 | 0.08 | 0.08 | 0.15 | 0.15
=14 0.10 | 0.10 | 0.08 | 0.09 | 0.09 | 0.09 | 0.02 | 0.05 | 0.18 | 0.18 | 0.18 | 0.05 | 0.07 | 0.07 | 0.14 | 0.14
=15 0.09 | 0.09 | 0.07 | 0.10 | 0.10 | 0.10 | 0.02 | 0.07 | 0.18 | 0.18 | 0.18 | 0.05 | 0.08 | 0.08 | 0.15 | 0.15
=16 0.06 | 0.06 | 0.05 | 0.07 | 0.07 | 0.07 | 0.01 | 0.04 | 0.15 | 0.15 | 0.15 | 0.04 | 0.06 | 0.06 | 0.12 | 0.12
=17 0.05 | 0.05 | 0.04 | 0.07 | 0.07 | 0.07 | 0.01| 0.03 | 0.16 | 0.16 | 0.16 | 0.04 | 0.06 | 0.06 | 0.12 | 0.12
=18 0.03 | 0.03 | 0.03 | 0.08 | 0.08 | 0.08 | 0.02 | 0.04 | 0.15 | 0.15 | 0.15 | 0.04 | 0.06 | 0.06 | 0.11 | 0.11
=19 0.03 | 0.03 | 0.02 | 0.09 | 0.09 | 0.09 | 0.02 | 0.05 | 0.15 | 0.15 | 0.15 | 0.04 | 0.06 | 0.06 | 0.11 | 0.11
=20 0.01 | 0.01 | 0.01 | 0.06 | 0.06 | 0.06 | 0.01 | 0.03 | 0.11 | 0.11 | 0.11 | 0.03 | 0.04 | 0.04 | 0.08 | 0.08

Tablel15 Probability of Breakdown (In a 5 minute time intervial) each HCM Segment and 15
Minute Analysis Period Using ALINEA Ramp Metering Algorithm

Analysis Period HCM Segment

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
t=1 0.10| 0.10 | 0.09 | 0.11 | 0.11 | 0.11 | 0.06 | 0.07 | 0.10 | 0.10 | 0.10 | 0.04 | 0.04 | 0.04 | 0.05 | 0.05
t=2 011] 011) 009 | 0.12 | 0.12 | 0.12 | 0.06 | 0.08 | 0.10 | 0.10 | 0.10 | 0.04 | 0.05 | 0.05 | 0.06 | 0.06
t=3 0.12 ] 0.12 | 010 | 0.13 | 0.13 | 0.13 | 0.07 | 0.09 | 0.11 | 0.11 | 0.11 | 0.05 | 0.05 | 0.05 | 0.06 | 0.06
t=4 0.13] 013 011 | 0.14| 0.14 | 0.14 | 0.07 | 0.09 | 0.12 | 0.12 | 0.12 | 0.05 | 0.06 | 0.06 | 0.07 | 0.07
t=5 0141 014) 011 | 015 0.15| 0.15| 0.07 | 0.10 | 0.15| 0.15| 0.15 | 0.06 | 0.07 | 0.07 | 0.08 | 0.08
t=6 0.15] 0.15) 0.12 | 0.16 | 0.16 | 0.16 | 0.07 | 0.11 | 0.18 | 0.18 | 0.18 | 0.06 | 0.08 | 0.08 | 0.10 | 0.10
t=7 0.16 | 0.16 | 0.12 | 0.17 | 0.17 | 0.17 | 0.07 | 0.12 | 0.18 | 0.18 | 0.18 | 0.06 | 0.07 | 0.07 | 0.10 | 0.10
t=8 0.17] 0.17 | 013 | 0.19 | 0.19 | 0.19 | 0.07 | 0.13 | 0.18 | 0.18 | 0.18 | 0.06 | 0.07 | 0.07 | 0.10 | 0.10
t=9 0.18 | 0.18 | 0.14 | 0.18 | 0.18 | 0.18 | 0.06 | 0.13 | 0.18 | 0.18 | 0.18 | 0.05 | 0.07 | 0.07 | 0.11 | 0.11
t=10 019] 019) 0.15| 0.18 | 0.18 | 0.18 | 0.05| 0.13 | 0.18 | 0.18 | 0.18 | 0.05 | 0.07 | 0.07 | 0.13 | 0.13
t=11 0.20 | 0.20 | 0.16 | 0.18 | 0.18 | 0.18 | 0.05| 0.14 | 0.18 | 0.18 | 0.18 | 0.05 | 0.08 | 0.08 | 0.15 | 0.15
t=12 0141 014) 011 | 017 | 0.17 | 0.17 | 0.04 | 0.13 | 0.17 | 0.17 | 0.17 | 0.05 | 0.08 | 0.08 | 0.15| 0.15
t=13 0.12] 0.12 | 010 | 0.18 | 0.18 | 0.18 | 0.04 | 0.12 | 0.18 | 0.18 | 0.18 | 0.05 | 0.08 | 0.08 | 0.15 | 0.15
t=14 0.10 | 0.10 | 0.08 | 0.18 | 0.18 | 0.18 | 0.04 | 0.12 | 0.18 | 0.18 | 0.18 | 0.05 | 0.08 | 0.08 | 0.15 | 0.15
t=15 0.09 | 0.09 | 007 | 014 | 0.14 | 0.14 | 0.03 | 0.09 | 0.18 | 0.18 | 0.18 | 0.05 | 0.07 | 0.07 | 0.14 | 0.14
t=16 0.06 | 0.06 | 0.05 | 0.08 | 0.08 | 0.08 | 0.02 | 0.05| 0.18 | 0.18 | 0.18 | 0.05 | 0.07 | 0.07 | 0.14 | 0.14
t=17 0.05| 0.05| 0.04 | 0.07 | 0.07 | 0.07 | 0.01 | 0.04| 0.18 | 0.18 | 0.18 | 0.05 | 0.07 | 0.07 | 0.13 | 0.13
t=18 0.03 | 0.03 | 0.03 | 0.04 | 0.04 | 0.04 | 0.01 | 0.03 | 0.20 | 0.20 | 0.20 | 0.05 | 0.08 | 0.08 | 0.15| 0.15
t=19 0.03 | 0.03 | 0.02 | 0.04 | 0.04 | 0.04 | 0.01 | 0.02 | 0.20 | 0.20 | 0.20 | 0.05 | 0.08 | 0.08 | 0.15 | 0.15
t=20 0.01] 0.01 ] 0.01| 0.02 | 0.02 | 0.02 | 0.00| 0.01 | 0.20 | 0.20 | 0.20 | 0.05 | 0.08 | 0.08 | 0.14 | 0.14
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Figure 2571 Probability of Breakdown acrossd80 Freeway Facility

Our proposed mathematical model is evaluated and compared to ALINEA algorithm, and

to the base case where there is no ramp metéFadge 16 summarizes several stdics of

the model.VMTV (Vehicle Miles Traveled Volume) is multiplication of traffic served

A

each HCM segmerty lengthHCM segmenaend i t 6 s a measur e

facilities. Percent VMT(Vehicle Miles Traveledervedis the ratio of Vehile Mile of

of

per

Served Volume to Vehicles Miles of Demand. VHD stand for Vehicles Hours of Delay and it

is sum of all delays that each vehicle has on the freeway facility. VHDeastimated on

the mainline which reflects the sum of all delay on the mainéind,on the omamps which

reflect the delay that vehicles have for entering to the freeway. VHD Total is the sum of

VHD mainli

ne, and VHD off a mp s . The AAverage Travel
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measure used in this document are defined for entire study period.

Tablel6i Comparison of Performance of Ramp Metering Algorithms

vehicles travel time across the facility in all analysesigds. All of these performance

Alpha= 7% DAF= | 1.06 MaxD/C= | 1.07
o Value without Proposed Model ALINEA
Statistics Ramp Metering Actual Percent Actual Percent
Value Change Value Change
A"erag‘(er;:]"’)“’e' Time 92096 6.5803 | -28.45% | 65950 | -28.38%
VMTV 245,721 259,025 5.41% 259,348 5.55%
Percent VMT Served 94.54% 99.66% 5.41% 99.78% 5.55%
VHD On-Ramps 0.0 1,826.6 NA 1,862.3 NA
VHD Mainline 2,324.8 634.5 -72.71% 636.9 -72.60%
VHD Total 2,324.8 2,461.1 5.86% 2,499.2 7.50%

Results show the performance of the proposed mathematical model is very close to

ALI NEA. The pr op o sdendonstratedseperiorsn travelttimep amd system
delay. On the other hand ALINEA serves more vehicles in the freeway system based on

VMTV (Vehicles Mile Travel Volume).

Analysis of queue lengths formed behind-ramps revealed that the proposed
mathematicamodel has lower maximum and average queue lengths comparing to ALINEA
algorithms.Thale 17and 18 presents queue length for meteredaomps using proposed

mathematical model and ALINEA respectively.
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Tablel77 Queue Length of GRamps using Proposed Mathematical Model (feet)

Analysis Period | HCM Segment 4| HCM Segment 8| HCM Segment 9
t=1 0 0 0
t=2 0 0 0
t=3 0 0 0
t=4 0 0 0
t=5 0 0 0
t=6 0 0 0
t=7 389 0 197
t=8 1598 0 389
t=9 3021 1078 664
t=10 4504 2366 1936
t=11 6043 2999 5072
t=12 7630 2684 8831
t=13 9279 1927 12150
t=14 10966 2541 14360
t=15 12229 2380 15265
t=16 12887 2526 16573
t=17 13205 3162 16090
t=18 11815 3657 14750
t=19 7864 3793 14541
t=20 2243 3640 14475

Average 5184 1637 6764
Max 13205 3793 16573

Table181 Queue Length on the @amp Using ALINEA Algorithm (feet)

Analysis Period | HCM Segment 4| HCM Segment 9
t=1 0 0
t=2 0 0
t=3 0 0
t=4 0 0
t=5 0 0
t=6 0 0
t=7 0 988
t=8 0 2871
t=9 680 5315
t=10 1749 8449
t=11 3092 12300
t=12 3336 16826
t=13 2638 21414
t=14 1095 25846
t=15 0 30677
t=16 0 36094
t=17 0 36832
t=18 0 38062
t=19 0 32204
t=20 0 26028

Average 629 14695
Max 3336 38062




5.5.Modeling More Congested Freeways and Evaluation dkamp

M etering

As discussed in chapter 3he proposed mathematical modsl able to model
undersaturatedraffic flow in the freeway facilitiesIf with the aid of ramp metering
breakdown and congestiam the freevay remains then the proposed mathematicalauel
becoms infeasible. For modeling such cases and compute the ramp metering rates, we have
to increase the capacity of the freeway segsienthe mathematical modahd associati

with higher uppebound on the probability of the breakdown.

To evaluate tb performance othe proposed mathematical model, demand adjustment
factor (DAF) equal to 1.1 is applied to th&80 base case. This makes the freeway more
congestedThis increase in demand is appliedth@ proposed mathematical model amd
becoms infeasibleconsidering20% upper boundin 5 minute intervalpn the probability of
breakdown in each segmerithe upper boundn theprobability ofbreakdownis increased
to 31%. This increases the capacities of the segments by amo@n6f If we model he
increased demand580 in FREEVAL using a capacity adjustment factor (CAF) OBT.
then there willbe no congestion and tle@eitcomewould besimilar to the example provided

in section5.2 of this dissertation.
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5.6.Sensitivity to Capacity Drop and Denand Increase

The goal of proposed mathematical model is to prevent the breakdown. What is modeled
in the FREEVAL assumed tregjualupper bound on the probability of the breakdown. Thus,
by imposing the ramp metering rates no breakdown occurs. This results in the ireepgend

of performance respect tagacitydrop level.

However, change in theapacitydrop level will increase the grcent improvement of
ramp metering due to increase in the average travel time without ramp metering. To show
this relationshighreelevels of demand are selected. The travel time for capacity drop equal
to 0%, 5%, 7%, and 9% is computed for the meteaimgj no metering cases. Tati®shows

percent decrease in the travel time by imposing proposed optimal metering rates.

Tablel191 Percent Decrease in Average Travel Time

Demand Capacity Drop

Increase 0 5% 7% 9%
0% 0.63% | 11.72%| 20.88%| 25.53%
3% 5.97% | 23.09%| 25.93%| 28.69%
6% 18.03%| 25.79%| 28.25%| 31.85%
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Figure 267 Percent Decrease in Average Travel Time for Different Demand Levels

5.7.Increasing the Reliability of Metering Rates:

The proposedmathematical model can change the metering rates and patterns for
different leves of breakdown likelihood. Thiss done by changing the upper bound on the
probability of breakdown in the proposed mathematical mddete explanation is carried
out using a example. The example in this sectiohthis dissertatioris 1-580 with 3%

increase in demand (DAF#13).

The increased level of demand is used by mathematical model to compute the optimal
ramp metering rates. Two seif runs aredesigned. One is withaminal capacity of freeway
segments which is equal to ha@% chance of breakdown in a 5 minute time interval. The

second set, is with4% chance of breakdown. Decrease in the upper bound of probability of
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breakdown (from20%to 14%) results in decreasea icapacity for amount of 2.69%. This is

equal to have capaciggual to 8670 vehicles per hour for each HCM segment.

Probability of Breakdown Across Facility
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Figure 2771 Probability of Breakdown across Facility

Figure 27 shows the probability of breakdown across facifior three sets of ramp
metering rates. When nominal upper bound on the probability of breakdown is setpcaéd
to associated nominal capaciby the proposed mathematical model, it returns better
reliability close to ALINEA. However, when the upper bound on the probability of the
breakdown is decreased bix percent, then the metering ratasrease the reliability of the

freeway facility.
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Table 16 shows the ramp metering ratesifé® and20% upper bound of probability of
breakdown in each segment. Lower upper bound has increased the scope of ramp metering
across the analysis periods to keep the volume in each segment lower compa6fg to

reliability level.

Table207 Ramp Metering Rated and Pattern for different Upper Bound of Probability of Breakdown

(Veh/Hour)
Analysis HCM HCM HCM HCM HCM HCM
Period Segment4 Segment8 Segment9 Segment4 Segment8 Segment9
(14%) (14%) (14%) (20%) (20%) (20%)
1
2
3
4
5
6
7 195 303 331
8 83 361 421
9 55 342 482 215 425 478
10 55 532 303 143 494 471
11 55 467 394 55 455 622
12 55 770 264 111 731 501
13 55 564 610 88 602 763
14 68 572 710 114 569 894
15 67 626 734 401 505 766
16 162 564 900 445 646 782
17 431 527 813 703 548 727
18 556 526 800 324 521 697
19 857 458 630
20 845 540 754

The effect ofthe change in the upper bound on the reliability of the breakdown

probability on the average travel time and delay is summarized in2able
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Table211 Performance Comparison for Different Reliability Level

Statistics Upper Bound 20% Upper Bound 14%
Average Travel Time(min) 6.4831 6.4678
On-Ramp Delay (hours) 427.7 1338.8
Mainline Delay (hours) 543.3 531.9
Total Delay (VHD) 971.0 1870.7

As presented in tabl2l, the increase in reliability of the facility does not change the
average travel time and mainline delay. It affects theaomp delay significantlySo, having
higher reliability level in the freeway facilities using ramp metering will increase the on

ramp delays significantly.

5.8. Conversion of Metering Rates into Ref{sreen Traffic Lights

The metering rates could be converted into red and greeion of trafficsignal lights.
The metering rates are in vehicle per hour rate, so fisstoitildbe converted into number of
vehicles needed to be served in 1 minute intergal Assuming each vehicle needs 2
seconds to pass the ramp meter, green tiQegndred time(Y) of the traffic signalis
calculated. Assuming allowing one vehicle perleythe cycle lengti{e) of traffic signal

will be:

O ¢ ¢
Y om O
E @it
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Table22 demonstrates the signal timing of the three ramp meters in the case study.

Table221 Signal Timing foHCM Segmend

Segment 15 Number of . Cycle

Time Step| (Metering Rate) Vehicles Needs to Tircs;e(esnec) Re(ds"al'éTe Length

Veh/Hour serve in 1 minute (Sec)
1745 55
1746 295
1746 295
1747 55
1747 55
1748 55
1748 55
1749 295
1749 295
1750 294

1750 55 25 5.0 55.0 23.8
1751 55
1751 55
1752 295
1752 295
1753 295
1753 55
1754 55
1754 55
1755 55
1755 55
1756 55
1756 55
1757 55
1757 295
1758 55
1758 55
1759 55
1759 295
1760 295

1760 505 3.0 6.0 54.0 19.9
1761 295
1761 55
1762 295
1762 203
1763 295
1763 259
1764 295
1764 55
1765 295
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6. SUMMARY, CONCLUSIONS AND FUTURE WORK

In thisdissertationa linear mathematical model is developedmodel trafficflow across
afreeway faciliy. This mathematical model is capableaddresg the optimization of any
strategy that hasomeeffects on thefacility demand or capacity such as ramp metering.
this resarch, the mathematical model ¢onfigured andused to optimize ramp metering
operationsacrossa freeway facility However, with appropriate changes, the proposed model

can optimize othefacility demand or capacity strategies such as hard shauladeing.

The proposed model maintains a deterministic framewnédaning that all entry and exit
traffic demands are deterministic. A chance constraint is used to accothe $twchasticity
in segmentcapacity in a deterministic linear format. The modah be considered a
planninglevel method for analyzing and determining thme varying metering rates

appropriate to be used and implemerdadreeway facilities.

By incorporatingthe stochasticity of freeway segment capaditg analysenables the
modelto generateoptimal solutions for oversaturated conditidnsmodeling traffic flow in
anundersaturated conditiofhis is doneby increasing the upper bound on threeakdown
probability on freeway segmentsresulting in preventing bre&kdown and congestion
Therefore the mathematical model providesnr a mmpgtihal metering rategor any
condition In addition, incorporation of stochassegmentsapacity results ia capability to

measure the reliability of the facility froencongesion perspective.
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The objective function employed in the model gives the total number of vehicleglthat
gueuebehind the traffic light on the metered on ramps in the entire study period. The

proposed model tries to minimize this objective functiorltsring the metering rates.

Moreover, he proposed model is able generateoptimal ramp meteringates for
different breakdownprobabilitiesassociated witlthe freewaysegmentsMore specifically,
the proposednodel canvary the ramp meteringates(as presented ifable 20) to avoid
instances of timevhen the freewayfacility hasa higher chancef breakdown.In other
words, by changing the metering radgmattern the mathematical model can achieveore
reliable freeway operatioresultingin decreasing the probability ofrdéakdown This is a
unique characteristic and feature of the propasedelcomparedo existing modelfound

in theliterature

The linkagebetween time and space enables the proposed mathematical model to account
for vehicle travel timeon the facility. It adjusts the start and end tirok the metering
operation. The more distathe onrramp and the bottleneck on the facilasg the earlie the
onrrampwill begin meteringFor t hi s purpose, the model def
ATi me Stepso as the r esol Thisifeatore, makehemaded mat h ¢

more realistic to actual operations.

A six mile section ofwestboundinterstate 1580 in Californiawas selected to test the
model and its performanc&he exampleresulted in1,674,400 variables, an®,808000
constraintsand took31 seconds tdoe solved on a computer withintel Zeon 2.67GHz CPU

and 4GB RAM. The proposed ramp metering rates are modeledFREEVAL 2010, a
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macroscopidraffic model based on the HCRD1Q Modelingthe 5 hours AM peak period

with a 20% level of breakdownprobability for each HCM segment in any 5 minute time
interval was shown to decease the average travel tirbg 28% using the proposed ramp
meteringrates FREEVAL uses a 15 minute analysis period resolution for its computation.
Therefore, the results of the mathematical model are aggregated over 15 minute periods to be

implemented ath analyzed in thEREEVAL.

The resultsof the proposedalgorithmare comparedo the results of ALINEAa widely
usedramp metering algorithrm the literature While ALINEA is an operational method as
opposed tahe proposed mathematical model whiclaiglanninglevel approachbothcan be
implemenedin a macresimulationmodel The ALINEA algorithmis modeled in its steady
state condition with respect the prevailingtraffic demand levels. More specifically, the
facility is modeled and analyzeid corsecutivetime periods inan iterative fashionto

generatéhe appropriatanetering rates by ALINEA.

The comparisolf the two approachesdicates that the proposed method can perform at
least as well as ALINEAThus, not only the proposed mathematicaldeiogives optimal
ramp metering ratesomparedo ALINEA, butit also can provide the option of adjusting the
level of performanceeliability of the freeway systemThe comparison is done for different
demand levels (increased and decreased compatie@mpiricaldata) to ensure theidely
applicability of the proposed methodhe solutions of the proposed model akldINEA
both reduced the averagravel time on thdacility mai nl i ne by 28 %. ALIT NE

increased Vehicle Hours of Delay (VHD) on thetire system (i.e. mainline plus-oamp
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segments) by 7.5% while the propo Jhasdlelano de |l 6 ¢
reduction is mainly from vehicles that are on ¢imeramps Both algorithms reducedverage

delayon the mainline by3% comparedto the casevith no mmpmetering

Based ondetailed observatios of the solution qualitythe probability of breakdown
across the facility using the proposed methddwser than ALINEA in the second half ahe
study period This shows that the proposed mathematical model operates with the same effect
until the breakdown point, and themiore effectively discharges vehicleanto the freeway

in amannerthat results in more reliable operatsmf the freeway facility.

In arother trial, he upper bound on the breakdown probabiitys decreased by 6%
(from 20% to 14%) for each segment in a 5 minute time intervalvassshownn chapter 5
the increase ithe reliability of the facility does noimpactthe mainlineaverage tvel time
and delaywhile significantly impaahg on-ramp delay.Thus ensuring digher reliability

level on the freeway mainlinesing ramp metering W tend toincrease the eramp delays.
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The following summarize the conclusions of this study:

1. The lirk betweentime and spacesnablesthe proposed mathematical model to
consider more realistic traffic flow characteristics that results in better performance of
the metered freeway facilities in the simulatiofhe modeladjusts the start and end
time of metering operations on the-amps based on the relative distance between
the onramps andlownstreanbottlenecks.

2. The ncorporation of the stochasticity of the segm@caépacity enables the analyst to
guarantee aeliability level of the freeway systenThe capacity otachsegment in
the proposed mathematical model is associated with a certain probability of
breakdown.The product othese probabilities across all freeway segments gives the
reliability of the entire falility.

3. The incorporation ofthe stochasticity of the segments capacity ats@mblesthe
proposed mathematical model to model traffaw on freeways in undersaturated
conditiors. This results ira greatsimplification of the traffic modeling, thisfeatue
also enableshe model to optimize facilities that may never avoid congestudth
higher reliability levels.

4. The flexibility of the proposed mathematical mogebvides the opportunity to
optimize anyotherobjective function along witimodelingotherstrategies that have
impacs on the demand or capacitf freeway. The implementation of any other
strategy requires only adding appropriate objective function and a set of constraints to

address the change in the traffic flow behavior.
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Further enhancemetu the proposed research include:

1. The oversaturated traffic flowould bemodeled andncorporated in the proposed
mathematical modellt will enable the proposed mathematical model analyz
freeways in both undersaturated and oversatuaiaditions consideringthe reality
that acomplete prevention of congestiam urban freeways ismpossible In the
currentformalization by increasing the upper bourah thebreakdownprobability,
the segments capacity increas€bus he freeway facility avoids beakdown and
congestion,and the modeldoes not account for queues formed on the freeway
system.

2. Since the concept of stochastic capacity has been defined over freeway sections in
Germany, itis recommendedo aggregattHCM segments and computbe upper
bounds ofbreakdownon the entire facility. In this researchit is assumed that the
stochastic capacity is defined owesachHCM segment. This ressltn alower upper
boundon thereliability of the entire facility. Further research is needed to distinguish
the bottlenecks andeterminethe scope of facility in which thetochastic capacitis
defined.

3. There could be differences inthe parameters othe Weibull distribution when
different segment fyes are usedy convertingto section definitionas implemented
in Germany intoHCM segment definitionjt is necessary to convethe Weibull
distribution parametersin this research conversion of German capacity to US

practiceis done by multiplicatiof nominalcapacityvaluesby a constant ratio
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4. Updating optimal ramp meterimgtesbased orsensordata on freeway facilitiesan
havea significantimpacton theapplicability ofthe proposed model$lethods and
procedures should be developed amdudedin the proposed model to account for
real time demand data availability.

5. As discussed in theissertation underlower Free Flow Speedée.g. 55 mph) the
speedflow curve ismore or lesslinear. For higher valueslinearizationintroduces
biasanderror in the linkage between time and spdiceorporating aset ofpiecewise
linear speedlow curves could increasthe accuracy. Even using a step function

could add more accuracy into the model.
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Appendix A

The input data for model 6s parameters

proc optmodel ;

set Roww;
set Coll= 1..107 ;

number i{Roww, Coll};

read data sasuser.I580 i into Roww=[TimeStep] {j in Coll}
<i[TimeStep,j]=col( "Seg" [i)>;

number e{Roww, Coll};

read data sasuser.l580_e into Roww=[TimeStep] {j in Coll}
<e[TimeStep,j]=col( "Seg" [j)>;

number C{Roww, Coll};

read data sasuser.l580_c into  Roww=[TimeStep] {j in Coll}
<c[TimeStep,j]=col( "Seg" [j)>;

number [{coll};

read data sasuser.580 | into {j in Coll} <I[j]=col( "Seg" ]j)>;
number NO{coll};

read data sasuser.I580_n0 into {{inCo I} <nO[j]=col( "Seg" |]j)>;
number UO{Roww};

read data sasuser.l580_u0 into Roww=[TimeStep] uO[TimeStep]=col( "Segl" );
number ADJ=1.06105 ; /* DAF*/

number CAF=l;

var r{ 1.5200 , 1..107 }>= 0;

var U{1..5200 , 1..107 }>= 0;

var N{1..5200 , 1..107 }>= O;

var N1{1..5200 }>=0;

[* MEMSIZE 4500M; */

min  TOTAL_Queue=sum{atp in 1..5200 , asegin 1..107 }IN[atp,aseq];
/*Cons 1 */

constraint conslprimel{atp in 1..1 ,asegin 2..107 }:U[atp,aseg -
1]+adj*r[atp,aseq] - adj*e[atp,aseg]=u[atp,aseq];
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constraint costlprime{atp in 1..5200 }:adj*uO[atp]+adj*r[atp, 1]
adj*e[atp, 1]=u[atp, 1];

constraint consl{atp in 2.5200 ,asegin 2..107 }Ulatp -1,aseg -
1]+adj*r[atp,aseq] - adj*e[atp,aseg]=u[atp,aseq];

/* Cons 2 */

constraint cons2{atp in 2..5200 ,asegin 1..107 }.adj*r[atp,aseg]<=
adj*i[atp ,aseg]+ 1040*n[atp - 1,aseq];

constraint cons2prime{aseq in

1..107 }adj*r] 1,aseg]<=adj*i[ 1,aseg]+n0[aseq];

/* cons 3 */

constraint cons3{atp in 2..5200 ,asegin 1..107 } 1040*n[atp -
1,aseg]+adj*i[atp,aseq] - adj*r[atp,aseq]= 1040 *n[atp,aseq];

constraint cons3primef{aseg in 1..107 }:. 1040*n0[aseg]+adj*i[ 1,aseq]

adj*r[ 1,aseg]l= 1040*n[ 1,aseq];

/* Cons 4 */

[*constraint cons4{atp in 1..5200, aseg in 1..107}:N[atp,aseg]<=150000;*/
/* Cons 5 */

constraint consb{atp in 1..5200 , asegin 1..107 }ir[atp,aseg]<=
constraint cons51{atp in 1..5200 }:r[atp, 55]>= 55;
constraint cons52{atp in 1..5200 }:r[atp, 74]>= 55;
constraint consb53{atp in 1..5200 }:r[atp, 78]>= 55;
constraint consb54{atp in 1..5200 }:r[atp, 91]>= 55;
constraint cons55{atp in 1..5200 }ir[atp, 96]>= 55;
/[*Cons6* /

constraint cons6{atp in 1..5200 , asegin

1..107 }:U[atp,aseg]<=caf*C[atp,aseq];

solve ;

create data sasuser.opt_r from [TimeStep]=roww {j in Coll}
<col( "Seg" |[j)=r[timestep,j]>;

create data sasuser.opt N from [TimeStep]=roww {j in Coll}
<col( "Seg" |[j)=N[ timestep,j]>;

quit ;

900;
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Appendix B

FREEVAL Input Sheet for First Analysis Period

Input Worksheet Release June 22nd, 2012
FREEWAY SYSTEM TITLE: I-580 WB
SEGMENT NUMBER :| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SECTIONNUMBER:| 1 ~ 2 "~ 3 " 4 " 5 "~ 6 7 7 " g " 9 " 10 " 11 " 12 " 3 " 14 " 15 | a6

SEGMENTLABEL ;| s01 s02 S03 S04 S06 S06 s07 S08 S09 s10 S11 s12 s13 S14 s15 S16
Type (B, ONR, OFR,R,orW)| B OFR B ONR B OFR B ONR__ONR B OFR B ONR B ONR B

Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1000 500 1000 1570 660 840 660 2565
Number of Lanes T T S e L T A G S S N G T G

FF Speed (Mi/hr) 65 65 65 | e 65 | 65 85 65 65 65 65 | 65 65 65 65 | 65

Segment Demand (vph) 7994 " 7994 " 7905 " 8040 " 8040 " 8040 7,682 " 7821 7972 " 7972 7972 " 7504 7559 " 7559 ' 7651 7,651

Capacity Adjustment Factor 100 ~ 100 " 100 " 100 " 100 " 100 " 100 " 100 T 100 " 100 T 100 " 100 " 100 T 100 7 100 | 1.00

Origin Demand Adjustment Factor | 106 106 106 106 106 106 106 106 106 106 106 106 106 106 106 106

Destination Demand Adjustment 106 106 106 108 108 106 108 108 106 108 108 106 108 106 106 108

Speed Adjustment Factor 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  1.00

% Trucks 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110

% RV's
On-Ramp Demand (vph)
Oon-Ramp % Trucks
On-Ramp % RV's
Off-Ramp Demand(vph)
Off-Ramp % Trucks
Off-Ramp % RV's
Acc/ Dec Lane Length (ft)
Number of Lanes on Ramp
Ramp on Left or Right (L / R)
Ramp FFS (mi/hr)

Summary Results for SimulatingbB0 in FREEVAL (Without Ramp Metering)

Facility-Level Summary
Title 1-580 WB
Humber of ValidTime Intervals 20
Period Duration (min) 300 SECTION AND
r PERIOD TOTALS
SEGMENT NUMBER ;| 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 units
SEGMENT LABEL: S01 302 503 304 505 506 507 508 509 510 511 512 513 514 515 516

Input or estimated segment type B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1000 500 1000 1570 660 840 660 2565 6.16 miles
Humber of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mi/hr) 65 65 65 65 65 65 65 65 65 65 65 65 65 65 65 65
Maximum d/c ratic™ 1.00 1.00 0.9g 10 101 10 0.93 0.99 1.07 1.07 1.07 0.98 1.00 1.00 1.04 1.04|Oversaturated
Time interval queueing begins 8 7 7 7 7 7 7 7
Travel time per vehicle (min) 403 0.44 0.84 043 0.21 0.40 0.66 046 0.20 0.10 019 0.30 013 0.16 013 0.51 9.2096 min
VMTD Veh-miles {Demand) 100244.0 120005 214581 121581 56333 11566.4 139600 118123 83717 41859 83717 121136 51979 66155 53679 208615 259918 VMT
VMTV Veh-miles (Volume} 94676.7 113259 202220 114677 53108 108983 131563 111595 79365 39682 79365 114917 49364 62827 51064 198453| 245721 VMT
VHT travel (hrs) 2681.0 2901 5496 2896 1396 2705 4114 3020 1408 713 1295 194.4 875 1077 912 3488 6,105.2 VHT
VHD delay (hrs) 12244 1159 2385 1132 579 1028 2080 1303 187 103 T4 17.6 116 1 126 435 2,324.8 VHD
Space mean speed = VMTV | VHT 35.31 39.04 3679 3959 3803 4029 3198 3695 5636 5562 6130 5910 BE39 5832 5602 56.89 40.2 mph
Average density (vpmpl) 56.5 511 53.3 51.0 53.0 50.0 58.1 532 372 w7 342 327 350 339 365 35.9 49.5 veh/mifln
Average density (pcpmpl) 59.6 53.9 56.2 53.8 56.0 52.8 61.3 56.1 39.2 397 36.1 345 36.9 357 385 37.9 52.3 pc/mifn
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Detailed Output of Analysis Period 7 (Without Ramp Metering)

Analysis Period 1:

Input Worksheet Release June 22nd, 2012 STEP
FREEWAY SYSTEM TITLE:|-580 WE
SEGMENT NUMBER :| 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER:| 1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15 16
SEGMENT LABEL:| =01 s02 s03 S04 805 S06 807 S08 S09 S10 s 812 813 514 815 s16 —
Input or estimated segment type (B,W, Ol B OFR. B ONR B OFR. B ONR ONR B OFR. B ONR B ONR B
Segment Length (ft} 12530 1500 2722 1,500 695 1427 1870 1,500 1,000 500 1,000 1,570 660 840 660 2585 6.16 miles
Humber of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed {mph}) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 551 619 557 556 548 608 571 559 56.3 553 615 581 56.3 578 56.1 573
Segment density (veh/mi/lane) 324 342 76 382 3z9 350 387 A 375 282 344 342 35.6 347 362 354 37.0 veh/miiin
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8,910 8,910 8,910 8,910 8,910 8,910 8910 8910
Segment demand (vph) 8474 8474 B379 8522 8522 8522 8143 8290 8,450 8,450 8,450 7,954 8,013 8,013 8110 8110
Segment volume served (vph) 8474 2474 8379 8522 8522 5522 3143 8200 8450 8450 8450 7954 8013 8013 3110 &110
dlc ratio 095 095 094 0.96 0.96 0.96 091 093 095 095 095 089 090 090 091 091
Estimated Denied Entry Queue Length (ft. 1]
On-Ramp demand (vph) 0 0 0 143 0 0 0 147 160 0 0 0 58 0 98 0
On-Ramp capacity (vph) 2100 1,900 2,100 2,100 2100
Ofi- Ramp demand (vph) 0 94 0 0 0 379 0 0 0 0 496 0 0 0 0 0
Off-Ramp capacity (vph) 2100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle {min) 258 0.28 0.56 0.31 0.14 0.27 0.37 031 0.20 0.10 0.18 031 013 017 0.12 0.51 6.55 min
Free-flow travel time (min) 219 0.26 0.48 0.26 0.12 0.25 0.33 0.28 017 0.09 017 027 012 015 0.12 0.45 5.69 min
Freeway mainline delay (min) 039 001 008 0.04 002 002 0.05 004 003 002 001 003 002 002 002 0.06 0.86 min
System delay-- includes on-ramps (min) 0.39 0.01 0.08 0.04 0.02 0.02 0.05 0.04 0.03 0.02 0.01 0.03 0.02 0.02 0.02 0.06 0.86 min
VMTD Veh-miles / interval (Demand) 50272 6018 10799 6053 2804 5758 7210 5888 4001 2001 4001 5913 2504 3187 2534 9850 12,879 veh-mi
VMTV Veh-miles /interval (Volume serve¢ 5027.2 6018 10799 6053 2804 5758 721.0 5888 4001 2001 4001 5913 2504 3187 2534 9850 12,879 veh-mi
VHT travel / interval (hrs) 91.21 972 1939 1089 512 947 1263 1054 T 362 651 1018 444 551 452 1720 228.07 hrs
VHD delay finterval (hrs) 13.87 0.48 278 1.58 0.80 0.61 1.54 1.48 0.95 0.54 035 1.08 0.59 0.61 0.62 2.05 29.92 hrs
Space mean speed = VMTV | VHT (mph) 551 619 557 556 548 608 571 559 56.3 553 615 581 56.3 578 56.1 573 56.5 mph
Segment density (pcimiflane)* 408 338 397 320 41.0 282 76 23.8 265 403 A 361 25.9 366 282 374 39.0 pc/miiln
Density-based LOS on segment E D E D E D E D c E E E c E D E E
Demand-based LOS on segment
Travel Time Index (TTI} 1.18 1.05 117 117 1.19 1.07 1.14 1.16 115 1.18 1.06 112 115 112 1.18 1.14 1.15
*For Merge and Diverge Segments this Dinsiry is only for Ramp Influence Areal

AnalysisPeriod 2:

— —
I Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|I-680 WB
SEGMENT NUMBER :| 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SEGMENT LABEL ;| S01 S02 503 S04 S05 506 507 S08 S09 S10 S S12 S13 S14 815 516
Input or estimated segment type (B,W, ONR,OFR R) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1000 500 1000 1570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 5.0 65.0 65.0 65.0 65.0 65.0 65.0 85.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 548 61.9 554 55.5 545 608 56.8 55.8 56.3 550 614 579 56.3 578 56.0 57.0
Segment density (veh/miflane) 388 344 38.0 386 393 352 36.0 373 377 386 346 345 358 350 364 357 37.3 veh/mifn
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8519 8519 8424 8567 8567 8567 8185 8333 8494 8494 8494 7996 8054 8054 8152 8152
Segment volume served (vph) 8519 8519 8424 8567 80567 8567 8185 82333 8494 8494 8494 7996 8054 8054 8152 8152
dlc ratio 0.96 096 095 096 0.96 0.96 092 094 095 095 095 0.90 0.0 0.90 091 091
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 143 0 0 0 147 161 0 0 0 58 0 99 0
'On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 95 0 0 0 382 0 0 0 0 498 0 0 0 0 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 280 028 0.56 031 0.14 027 037 031 0.20 0.10 018 031 0.13 017 013 051 6.57 min
Free-flow travel time (min) 219 0.26 0.48 0.26 012 0.25 0.33 0.26 017 0.09 017 027 012 015 0.12 045 5.69 min
Freeway mainline delay (min) 041 001 008 004 0.02 0.02 005 004 0.03 0.02 001 0.03 002 002 002 0.06 0.88 min
System delay-- includes on-ramps (min) 041 001 008 004 0.02 0.02 005 0.04 0.03 0.02 001 0.03 002 002 002 0.06 0.88 min
VMTD Veh-miles / interval (Demand) 50543 6051 10857 6084 2819 5788 7247 5918 4022 2011 4022 5944 2517 3203 2548 9901 12,947 veh-mi
VMTV Veh-miles [ interval (Volume served) 50543 6051 10857 6084 2819 5788 7247 5918 4022 2011 4022 5944 2517 3203 2548 9901 12,947 veh-mi
VHT travel / interval (hrs) 9218 978 1959 1096 517 952 1275 1060 715 366 654 1027 447 556 455 1736 23012 hrs
VHD delay /interval (hrs) 1443 047 2.89 1.60 083 0.62 160 1.50 0.96 0.56 0.38 1.13 0.60 0.64 063 213 30.93 hrs
Space mean speed = VMTV / VHT (mph) 548 619 554 555 545 60.8 56.8 558 56.3 550 614 579 56.3 5716 56.0 57.0 56.3 mph
Segment density (pc/mi/lane)* 4.0 339 401 324 414 286 38.0 292 269 407 373 36.4 262 369 286 377 39.4 pc/mifin
Density-based LOS on segment E D E D E D E D C E E E C E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 1.19 1.05 117 1.17 1.19 107 114 1.16 1.16 118 1.08 1.12 115 113 1.16 1.14 116
* For Merge and Diverge Segments this Density is only forl Ramp Influence Areal
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Analysis Period 3:

pr— — —
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|I-580 WB
SEGMENT NUMBER : 1 2 3 4 5 [3 7 8 9 10 1" 12 13 14 15 16
SECTION NUMBER :| 1 2 3 4 5 [} 7 8 9 10 1 12 13 14 15 16
SEGMENT LABEL ;| S01 S02 S03 S04 S05 506 507 508 509 $10 s S12 S13 514 S15 S16
Input or estimated segment type (B,W, ONR,OFR,R) B_ OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1000 500 1000 1570 660 840 660 2565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 650 650 650
Space mean speed (mph) 545 619 551 554 542 608 56.6 558 56.2 547 614 576 56.3 573 56.0 56.8
Segment density (veh/mi/lane) 393 346 384 389 397 354 36.4 376 380 390 348 349 36.0 353 366 36.1 37.7 veh/mifin
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8565 80565 8460 8614 8614 8614 8230 8378 8540 8540 8540 8030 8008 8008 8197 8197
Segment volume served (vph) 8565 8565 8460 8614 8614 8614 8230 8378 8540 8540 8540 8030 8098 8098 8197 8197
dic ratio 096 096 085 097 097 097 092 094 0.96 0.96 0.96 0.90 091 091 092 092
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 144 0 0 0 148 162 0 0 0 59 0 99 0
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 95 0 0 0 384 0 0 0 0 501 0 0 0 0 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 261 0.28 0.56 021 0.15 027 0.28 021 020 0.10 0.19 0.21 0.13 017 0.13 0.51 6.60 min
Free-flow travel time (min) 2.19 0.26 0.48 0.26 0.12 025 023 026 017 0.00 017 027 0.12 0.15 0.12 0.45 5.69 min
Freeway mainline delay (min) 042 0.01 009 005 0.02 0.02 0.05 004 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.07 0.91 min
System delay-- includes on-ramps (min) 042 0.01 0.09 005 0.02 0.02 0.05 004 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.07 0.91 min
VMTD Veh-miles / interval (Demand) 50813 6083 10916 6118 2834 5820 7287 45950 4044 2022 4044 5976 2531 3221 2562 9955 13,017 veh-mi
VMTV Veh-miles / interval (Volume served) 50813 6083 10916 6118 2834 5820 7287 5950 4044 2022 4044 5976 2531 3221 2562 9955 13,017 veh-mi
VHT travel / interval (hrs) 93.17 983 1980 1104 523 958 1288 1067 7.20 370 658 1037 450 562 457 1754 23226 hrs
VHD delay finterval (hrs) 15.00 047 3.00 163 087 0863 167 151 098 0.59 0.368 117 0.60 0.66 063 222 32.00 hrs
Space mean speed = VMTV / VHT (mph) 545 619 551 554 542 608 566 558 56.2 547 614 576 56.3 573 56.0 56.8 56.0 mph
Segment density (pc/millane)” 414 341 405 328 419 280 384 296 273 42 375 36.8 266 373 290 381 39.8 pc/mifin
Density-based LOS on segment E D E D E D E D C E E E C E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 119 1.05 118 117 120 107 115 117 116 119 1.06 113 115 113 1.16 115 1.16
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
Analysis Period 4:
— —
l Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:(I-580 WB
SEGMENT NUMBER ;| 1 2 3 4 5 6 7 8 8 10 1" 12 13 14 15 16
SECTION NUMBER | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
TLABEL: sS01 S02 S03 S04 S05 S06 sSo07 S08 S09 sS10 S11 S12 S13 S14 S15 S16
Input or estimated segment type (B.W, ONR,OFR,R) [ ! OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12630 1500 2722 1500 695 1427 1870 1500 1000 500 1000 1570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 650 650 650 650 65.0 650 650 650 650 650 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 54.2 618 549 553 539 60.7 563 557 56.1 544 614 57.4 563 571 56.0 56.5
Segment density (veh/mi/lane) 397 348 388 391 401 357 367 378 382 395 350 352 362 357 368 365 38.0 veh/mi/ln
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8610 8610 8514 B659 8659 8659 8273 8423 8586 8586 8586 8081 8141 8141 8240 8240
Segment volume served (vph) 8610 8610 8514 B659 8659 8659 8273 8423 8586 8586 08586 8081 8141 8141 8240 8240
dic ratio 097 097 0.96 097 097 097 093 095 096 096 096 091 091 091 092 092
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 145 0 0 0 149 163 0 0 0 59 0 100 0
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 96 0 0 0 386 0 0 0 0 505 0 0 0 0 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 262 028 0.56 0.31 015 027 038 031 020 010 019 031 013 017 013 052 6.62 min
Free-flow travel time (min) 219 0.26 048 0.26 012 025 033 026 017 009 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 043 0.01 0.09 0.05 0.02 002 005 004 003 002 001 004 002 002 002 007 0.93 min
System delay-- includes on-ramps (min) 043 0.01 0.09 0.05 0.02 0.02 0.05 0.04 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.07 0.93 min
VMTD Veh-miles / interval (Demand) 51083 6115 10073 6150 2849 5851 7325 5982 4065 2033 4065 600.8 2544 3238 2575 1,000.8 13,086 veh-mi
VMTY Veh-miles / interval (Volume served) 5108.3 611.5 10973 6150 2849 5851 7325 5982 4065 2033 4065 600.8 2544 3238 2575 1000.8 13,086 veh-mi
VHT travel / interval (hrs) 9418 989 2000 1111 528 963 1301 1074 724 374 662 1046 452 567 460 1771 23441 hrs
VHD delay /interval (hrs) 15.59 048 312 165 0.90 063 174 153 099 061 037 122 061 069 064 231 33.08 hrs
Space mean speed = VMTV / VHT (mph) 542 618 549 553 539 60.7 563 557 56.1 544 614 57.4 563 571 56.0 565 558 mph
Segment density (pc/miflane)* 419 343 409 332 424 294 387 299 217 4186 376 371 269 376 294 385 40.1 pc/mifin
Density-based LOS on segment E D E D E D E D C E E E c E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 120 1.05 118 117 121 1.07 115 117 1.16 119 1.06 1.13 1.16 1.14 1.16 115 116

* For Merge and Diverge Segments this Density is only fo

Ramp Influence Areal
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Analysis Period 5:

pr— —
Input Worksheet - Directional Freeway Facility
FREEWAY SYSTEM TITLE:

Release June 22nd, 2012
1-580 WB

SEGMENT NUMBER :| 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER | 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16
SEGMENT LABEL ;| S01 S02 S03 S04 S05 S06 s07 S08 S09 S10 s S12 s13 S14 $15 $16
Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12520 1,500 2722 1,500 695 1427 1870 1500 1,000 500 1,000 1,570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 5.0 65.0 65.0 65.0 5.0 65.0 65.0 65.0 5.0 65.0 65.0 65.0 5.0 65.0
Space mean speed (mph) 53.9 618 54.7 56.2 536 606 56.4 56.6 55.9 536 61.3 57.0 56.2 56.6 55.8 55.8
Segment density (veh/millane) 40.1 35.0 39.0 39.4 406 35.9 367 381 38.9 4086 365 367 36.6 36.3 374 374 38.5 veh/mifin
Segment capacity (vph) 8010 8910 8910 8910 8910 8910 8910 8010 8910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8656 8656 8538 8707 8707 8707 8267 8475 8706 8706 8706 8150 8223 8223 8256 8356
Segment volume served (vph) 8656 8656 8538 8707 8707 8707 8267 8475 8706 8706 8706 8150 8223 8223 8256 8356
dic ratio 0.97 0.07 0.96 098 0.08 0.08 093 0.95 0.08 0.08 0.98 091 0.02 0.02 0.94 0.94
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 169 0 0 0 208 231 0 0 0 73 0 1233 0
On-Ramp capacity (vph) 2,100 1,800 2,100 2,100 2,100
Off- Ramp demand (vph) 0 118 0 0 0 440 0 0 0 0 555 0 0 0 0 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 264 028 057 031 0.15 027 038 031 020 011 0.19 031 013 017 0.13 052 6.65 min
Free-flow travel time (min) 219 026 048 0.26 012 025 033 0.26 017 009 017 027 012 015 0.12 045 569 min
Freeway mainline delay (min) 045 001 0.09 0.05 0.03 002 0.05 0.04 003 002 0.01 0.04 002 002 0.02 0.07 0.96 min
System delay-- includes on-ramps (min) 045 001 0.09 0.05 0.03 002 0.05 0.04 003 002 0.01 0.04 002 002 0.02 0.07 0.96 min
[VMTD Veh-miles / interval (Demand) 51354 6148 1,1004 6184 2865 5883 7320 6019 4122 2061 4122 6059 2570 3271 2611 1,0148 13,174 veh-mi
[VMTV Veh-miles / interval (Volume served) 51354 6148 11004 6184 2865 5883 7320 6019 4122 2061 4122 6059 2570 3271 2611 10148 13,174 veh-mi
[VHT travel / interval (hrs) 9520 995 2012 1119 534 970 1299 1082 737 384 673 1062 457 578 468 1817 237.07 hrs
[VHD delay /interval (hrs) 1619 049 319 168 0.94 065 173 156 1.03 067 0.39 130 062 075 0.66 256 34.40 hrs
Space mean speed = VMTV / VHT (mph) 539 618 547 552 536 606 56.4 556 559 536 613 57.0 562 566 558 558 556 mph
Segment density (pc/millane)* 423 346 M2 335 428 302 387 303 286 428 384 377 276 383 303 395 40.6 pc/mifin
Density-based LOS on segment E D E D E D E D D E E E c E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 120 1.05 1.19 1.18 121 1.07 1.15 1.17 1.16 1.21 1.08 1.14 1.16 1.15 1.16 1.18 117
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
Analysis Period 6:
— —
l Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|I-580 WB
SEGMENT NUMBER :| 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SECTION NUMBER | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SEGMENT LABEL ;| s01 S02 S03 S04 S05 508 S07 S08 S09 S10 S11 S12 S13 S14 S15 S16
Input or estimated segment type (B,W, ONR.OFR,R) I 1 OFR ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1000 500 1,000 1570 660 840 B0 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 650 650 65.0 65.0 65.0 65.0 650 650 65.0 65.0 65.0 65.0 650 650 65.0
Space mean speed (mph) 536 617 545 552 533 605 56.4 556 557 528 61.1 56.7 56.1 56.1 557 551
Segment density (veh/mi/lane) 4086 352 393 397 411 362 366 384 396 418 361 363 370 370 380 384 38.9 veh/mifn
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8702 8702 8564 8757 8757 8757 8262 8527 8825 8825 8825 8217 8304 8304 8468 8468
Segment volume served (vph) 8702 8702 8564 8757 8757 8757 8262 8527 8825 8825 8825 8217 8304 8304 8468 8468
dle ratio 0.98 0.98 0.96 0.08 0.98 098 0.93 0.96 0.99 0.99 0.99 092 093 092 0.95 0.95
Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 193 0 0 0 265 298 0 0 0 87 o 164 0
On-Ramp capacity (vph) 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 138 0 0 0 495 0 0 0 0 607 0 0 1] 0 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 265 028 0.57 0.31 0.15 027 038 031 0.20 0.11 0.19 031 013 017 013 0.53 6.69 min
Free-flow travel time (min) 219 0.26 048 026 012 025 0.33 0.26 017 009 017 027 0.12 0.15 012 045 5.69 min
Freeway mainline delay (min) 0.46 0.01 009 005 0.03 0.02 0.05 0.04 003 002 001 004 0.02 0.02 002 008 1.00 min
System delay--includes on-ramps (min) 046 0.01 009 005 003 0.02 0.05 0.04 003 002 001 004 0.02 0.02 002 008 1.00 min
VMTD Veh-miles / interval (Demand) 51624 6180 11037 6219 2882 5917 7315 6056 4178 2089 4178 6108 2595 3303 2646 10285 13,261 veh-mi
VMTV Veh-miles / interval (Volume served) 51624 6180 11037 6219 2882 5917 7315 6056 4178 2089 4178 6108 2595 3303 2646 10285 13,261 veh-mi
VHT travel / interval (hrs) 9624 1001 2024 1128 541 977 1297 1090 7.50 3.96 683 1078 483 588 475 1865 23980 hrs
VHD delay /interval (hrs) 16.82 0.50 325 171 098 067 172 158 1.07 074 040 138 063 0.80 068 283 3578 hrs
Space mean speed = VMTV / VHT (mph) 536 é1.7 54.5 55.2 53.3 60.5 56.4 556 65.7 52.8 61.1 56.7 56.1 56.1 55.7 §5.1 56.3 mph
Segment density (pe/mi/lane)* 428 349 414 339 434 309 386 307 206 441 3981 383 283 390 312 405 411 pc/mifin
Density-based LOS on segment E D E D E D E D D E E E D E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 121 1.05 119 118 122 1.07 115 117 117 123 1.06 115 116 116 117 118 118

* For Merge and Diverge Segments this Density is only fo

Ramp Influence Area!
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Analysis Period 7:

—
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:(I-580 WB
SEGMENT NUMBER : 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION HUMBER : 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL ;| 501 502 503 504 505 506 507 508 509 510 511 512 513 514 518 518
Input or estimated segment type (B,W, ONR,0FR,R) B OFR B ONR B OFR B ONR ONR B OFR B  ONR B ONR B
Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1,500 1,000 500 1,000 1,570 660 840 660 2585 6.16 miles
Humber of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 850 850 850 65.0 65.0 65.0 65.0 65.0 65.0 850 850 850 850 850 85.0 850
Space mean speed (mph) 533 616 492 46.4 43.8 44.5 334 335 56.5 56.2 614 59.4 56.5 58.9 56.2 579
Segment density (veh/mi/lane) 410 355 427 46.0 485 473 577 592 36.7 369 338 323 345 330 355 345 41.6 vehimifin
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8,910 8,910 8,910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8747 8747 8588 8804 8804 8804 8255 8,579 8944 8044 8044 8286 8387 8387 8584 8584
Segment volume served (vph) 8,747 8743 8401 8535 8500 8409 7710 7,931 8,297 8,297 8,207 7688 7,787 7,787 7984 7984
dic ratio 098 098 0.96 0.99 0.99 0.99 0.93 0.96 1.00 1.00 1.00 0.93 0.94 0.94 0.95 0.96
vic ratio 088 088 094 0.96 095 094 087 089 093 093 093 086 087 087 0.90 0.80
Queue length at end of time interval (ft) 5 2722 1500 895 1427 1870 1500
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 216 0 0 0 323 366 0 0 0 101 0 197 0
On-Ramp volume served (vph) o o o 216 o o 0 323 366 0 0 0 101 0 197 o
On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0
On-Ramp queue length (ft)
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 159 0 0 0 549 0 0 0 0 658 0 0 0 0 0
Off-Ramp volume served (vph) 0 159 0 0 0 530 0 0 0 0 611 0 0 0 0 0
Ofi-Ramp capacity {vph) 2,100 2,800 2,100
Ramp-to-Ramp demand {(vph)
Travel time per vehicle (min} 267 028 063 037 018 0.36 0.64 051 020 0.10 019 030 013 0.16 013 050 7.35 min
Free-flow travel time (min) 219 026 048 026 012 025 033 0.26 017 0.09 017 027 012 015 012 045 569 min
Freeway mainline delay (min) 048 0.01 015 011 0.06 012 0.31 0.25 0.03 0.01 0.01 0.03 0.02 0.02 0.02 0.05 1.66 min
System delay-- includes on-ramps (min) 048 0.01 015 0.11 0.06 012 0.31 025 0.03 001 001 003 002 002 0.02 0.05 1.66 min
'VMTD Veh-miles | interval (Demand) 51895 6212 11069 6253 2897 5949 7309 6093 4235 217 4235 6160 2621 3336 2682 10425 13,349 veh-mi
VMTV Veh-miles / interval (Volume served) 51895 6210 10828 6062 2797 5681 G6B26 5633 3028 1964 3928 5714 2433 3007 2495 9696 12,919 veh-mi
'VHT travel / interval (hrs) 9730 1007 2200 1308 638 1277 2043 16.82 6.96 3.50 6.40 962 431 525 444 1674 256.06 hrs
'VHD delay finterval (hrs) 1746 052 534 375 208 403 993 815 0.91 047 035 083 057 049 0.60 182 57.31 hrs
Space mean speed = VMTV | VHT (mph) 533 616 492 46.4 43.8 44.5 334 335 56.5 56.2 1.4 59.4 56.5 58.9 56.2 579 50.5 mph
Segment density (pc/mifane)* 433 374 450 48.6 511 498 60.9 624 252 389 370 341 240 348 272 363 43.8 pa/milin
Density-based LOS on segment E E E F F F F F c E E D Cc D Cc E E
Demand-based LOS on segment F F F
Travel Time Index (TTI) 122 105 132 140 148 146 1.95 194 1.15 116 1.06 1.09 115 110 116 112 129
* For Merge and Diverge Segments this Density is only for Ramp Influence Areal
e
Analysis Period 8:
—
ﬁnpnl Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|l-580 WB
SEGMENT NUMBER : 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER ;| 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL:| 801 502 803 S04 805 806 507 808 509 810 s11 812 813 514 815 516
Input or estimated segment type (B,W, ONR,OFR,R) B_l OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12530 1,500 2722 1,500 595 1427 1870 1500 1,000 500 1,000 1570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 403 336 314 342 338 3458 281 320 565 56.3 614 596 56.5 591 56.2 579
Segment density (veh/miflane} 50.0 59.2 62.1 58.6 59.3 58.2 66.5 61.4 367 36.8 338 320 343 328 355 345 49.6 veh/miln
Segment capacity (vph) 8,910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8,793 8,793 8614 8853 8853 8853 82% 863 9,063 9063 9063 8354 5468 8468 8697 8697
Segment volume served (vph) 8,059 7948 7783 8022 8020 8019 7473 7854 8286 8286 8286 7841 7755 7755 7984 7984
dic ratio 0.99 0.99 0.97 0.99 0.99 0.99 0.93 0.97 1.02 1.02 1.02 0.94 0.95 0.95 0.98 0.98
vic ratio 090 089 087 090 0.80 0.90 084 088 093 093 093 0.86 087 087 0.90 090
Queue length at end of time interval (ft) 12530 1500 2722 1500 695 1427 1870 1500
Estimated Denied Entry Queue Length (ft.) 25
On-Ramp demand (vph) 0 0 o 240 o 0 o 381 432 o 0 o 114 o 229 0
On-Ramp volume served (vph} 0 0 o 240 o 0 o 381 432 o 0 o 114 o 229 0
On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0
On-Ramp queue length (ft)
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 179 o 0 o 603 o 0 0 o 709 o 0 o 0 0
Off-Ramp volume served (vph) 0 164 o 0 o 545 o 0 0 o 645 o 0 o 0 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 353 051 099 050 023 047 076 053 020 0.10 019 0.30 013 0.16 0.13 050 9.23 min
Free-flow travel time (min) 219 028 048 026 012 025 033 0.26 017 0.09 017 027 012 015 012 045 569 min
Freeway mainline delay (min) 134 025 051 024 011 022 043 027 003 0.01 001 0.02 0.02 0.01 0.02 0.05 3.55 min
System delay-- includes on-ramps (min) 1.34 0.25 0.51 0.24 0.1 0.22 0.43 0.27 0.03 0.01 0.01 0.02 0.02 0.01 0.02 0.05 3.55 min
[VMTD Veh-miles / interval (Demand) 52165 6245 11101 6288 2913 5982 7305 £130 4291 2148 4291 6210 2648 3358 2718 10563 13,436 veh-mi
[VMTV Veh-miles / interval (Volume served) 47809 5645 10031 5697 2639 5418 6617 5578 3923 1962 3923 5680 2424 3085 2495 9697 12,262 veh-mi
VHT travel / interval (hrs) 11858 1682 3199 1664 780 1572 23855 1744 6.95 349 6.39 953 429 522 444 1874 30559 hrs
[VHD delay /interval (hrs) 45.01 814 1656 788 374 739 1338 886 081 047 036 079 056 047 0.60 182 116.94 hrs
Space mean speed = VMTV | VHT (mph} 40.3 336 31.4 342 338 345 281 320 56.5 56.3 61.4 59.6 56.5 59.1 56.2 57.9 40.1 mph
Segment density (pc/miflane)* 527 625 655 618 625 614 702 648 251 389 372 338 237 246 272 363 52.3 pcimifin
Density-based LOS on segment F F F F F F F F [ E E D C D c E F
Demand-based LOS on seament F F F
Travel Time Index (TTI) 161 194 207 1.90 182 189 231 203 115 116 1.08 109 118 110 1.16 112 162
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
—
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Analysis Period 9:

[ Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
B

FREEWWAY SYSTEM TITLE:|I-580 Wi

SEGMENT NUMBER : 1 2 3 4 5 6 T 2 9 10 1 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 5 8 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL:| 501 s02 502 S04 505 S06 507 508 S09 s10 s11 812 513 514 515 516

Input or estimated segment type (B,W, ONR,OFR,R) | El! OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12530 1500 2722 1500 695 1427 1,870 1,500 1,000 500 1000 1570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 650 650 65.0 65.0 65.0 685.0 65.0 65.0 65.0 650 65.0 65.0 65.0 65.0
Space mean speed (mph) 30.8 318 305 334 325 335 274 315 56.5 56.3 61.3 507 56.5 50.0 561 576
Segment density (vehimillane) 63.4 61.3 627 59.2 60.7 58.9 B6.7 618 368.7 36.8 338 319 344 330 359 35.0 55.1 veh/mifin
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 890
Segment demand (vph) 8829 8829 8661 8908 8908 8908 8245 8,697 9209 9209 9209 8475 8625 8625 8900 8,900
Segment volume served (vph) 7816 7813 7662 7908 7906 7905 7322 7774 8286 8286 8286 7627 7778 7778 8053 8,053
dic ratio 0.99 099 097 100 1.00 1.00 093 098 1.03 103 1.03 0.85 097 097 1.00 1.00
vic ratio 088 088 086 089 089 089 082 0.87 093 093 093 086 087 087 090 090
Queue length at end of time interval (ft) 12530 1500 2722 1500 695 1427 1870 1500
Estimated Denied Entry Queue Length (ft.) 14,356
On-Ramp demand (vph) o 0 0 247 0 0 0 453 512 0 0 0 151 0 275 0
On-Ramp volume served (vph) o 0 0 247 [ 0 0 453 512 0 0 0 151 0 275 0
On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0
On-Ramp queue length (ft)
On-Ramp capacity (vph) 2,100 1,900 2100 2,100 2,100
Off- Ramp demand (vph) 0 167 0 0 0 664 0 0 0 0 735 0 0 0 0 0
Off Ramp volume served (vph) 0 149 0 0 0 582 0 0 0 0 659 0 0 0 0 0
Off Ramp capacity (vph) 2,100 3,800 2100

Ramp-to-Ramp demand (vph)

| Travel time per vehicle (min) 462 054 1.01 051 024 048 077 0.54 0.20 0.10 019 0.30 013 0.16 013 051 10.44 min
Free-flow travel time (min) 219 026 048 026 012 025 033 0.26 017 009 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 243 027 054 025 012 023 045 028 0.03 001 001 002 002 001 002 0.06 475 min
System delay— includes on-ramps (min) 243 027 054 025 012 023 0.45 0.28 0.03 0.01 0.01 0.02 0.02 0.01 0.02 0.06 4.75 min
VMTD Veh-miles / interval (Demand) 52379 627.0 11163 6327 2931 6019 7300 6177 4360 218.0 436.0 B300 2605 3430 2781 1,0809 13,548 veh-mi
[VMTV Veh-miles / interval (Volume served) 46368 5549 9875 5617 2602 5341 6483 5522 30923 1962 3923 5670 2431 3094 2516 9780 12,085 veh-mi
VHT travel / interval (hrs) 15043 1743 3234 1681 800 1582 2363 17.5% 6.95 349 6.40 950 430 5.24 443 16.99 339.46 hrs
[VHD delay finterval (hrs) 79.09 883 1715 817 3.99 7 13.65 9.06 0.91 047 036 078 056 049 061 194 153.84 hrs
Space mean speed = VMTV | VHT (mph) 308 318 305 334 325 335 274 315 56.5 56.3 613 597 56.5 59.0 56.1 576 355 mph
Segment density (pc/miflane)* 66.9 647 662 62.4 641 622 704 65.2 250 389 373 37 239 348 277 36.9 58.1 pc/mifin
Density-based LOS on segment F F F F F F F F c E E D Cc D C E F

based LOS on segment F F F
Travel Time Index (TTI) 211 204 213 195 200 194 237 2.07 1.15 116 1.06 109 115 110 116 113 184

* For Merge and Diverge Segments this Density is only for Ramp Influence Areal

Analysis Period 10:

[Tibut Worksneet - Directional Freeway Faciity Release June 22nd, 2012 ]
FREEWAY SYSTEM TITLE:{I-580 WB
SEGMENT NUMBER : 1 2 3 4 5 6 T 8 9 10 1" 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16
SEGMENT LABEL:| s01 802 803 504 805 806 507 508 309 s10 SN 812 813 514 3815 3816

Input or estimated segment type (BW, ONR.OFRR) | OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 1500 2722 1,500 695 1427 1870 1,500 1000 500 1,000 1570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 650 65.0 65.0 65.0 65.0 65.0 65.0 650 65.0 65.0 650 65.0
Space mean speed (mph) 203 31.0 207 328 316 3238 27.0 34 56.5 56.3 613 507 56.5 589 561 57.2
Segment density (veh/mi/lane) 656 620 634 598 817 594 665 619 367 368 338 319 345 331 362 355 56.1 veh/mifin
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 88910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8,865 8865 8709 80962 8952 80962 8238 8763 0354 0354 9354 8593 8779 8779 9099 9009
Segment volume served (vph) 7680 7678 7538 7791 7789 7787 7170 7695 8286 8286 8286 7E16 7801 7801 8121 8121
dlc ratio 099 099 098 101 101 1.01 092 098 1.05 1.05 105 0.96 099 099 102 102
vic ratio 086 086 085 087 087 087 080 086 093 093 083 085 0.88 088 081 091
Queue length at end of time interval (ft) 12530 1500 2722 1500 695 1427 1870 1500
Estimated Denied Entry Queue Length (ft.) 29,460
On-Ramp demand (vph) 0 o 0 253 o 0 0 525 591 0 0 o 185 0 320 0
On-Ramp volume served (vph) 0 0 0 253 0 0 0 525 591 0 0 0 185 0 320 0
On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0
On-Ramp queue length (ft)
On-Ramp capacity (vph) 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 156 0 0 0 724 0 0 0 0 761 0 0 0 0 0
Off-Ramp volume served (vph) 0 137 0 0 0 616 0 0 0 0 670 0 0 0 0 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand {vph)
Travel time per vehicle (min} 486 055 1.04 052 025 0.50 0.79 055 020 0.10 019 0.30 0.13 0.18 012 051 10.79 min
Free-flow travel time (min) 219 026 048 026 012 025 033 026 017 0.09 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 267 029 057 026 013 025 0.46 029 003 0.01 001 0.02 0.02 002 0.02 0.06 5.10 min
System delay—- includes on-ramps (min) 267 029 057 026 013 025 0.46 029 003 0.01 001 002 0.02 002 002 0.06 510 min
VMTD Veh-miles / interval (Demand) 52593 629.6 11224 6365 2949 B055 7294 6224 4429 2215 4429 6388 2743 3492 2843 11051 12,659 veh-mi
VMTV Veh-miles / interval (Volume served) 45563 5453 9716 5633 2563 5261 6349 54565 3923 1962 3923 5661 2438 3103 2538 9863 11,932 veh-mi
VHT travel | interval (hrs) 15567 1761 3270 16.99 812 1606 2354 1757 6.95 349 6.40 948 432 527 453 1725 34594 hrs
VHD delay iinterval (hrs) 8558 922 1776 847 418 797 1377 917 091 047 036 077 057 050 062 207 16238 hrs
Space mean speed = VMTV | VHT (mph) 203 31.0 207 328 316 3238 27.0 34 56.5 56.3 613 507 56.5 589 561 57.2 34.5 mph
Segment density (pcimiflane)* 69.2 B5.4 66.9 6831 651 62.7 701 6853 250 389 373 326 241 35.0 283 375 59.2 pc/mifin
Density-based LOS on segment F F F F F F F F c E E D c D D E F
Demand-based LOS on segment F F F F F F F F
Travel Time Index (TT1) 222 210 219 200 206 198 24 209 1.15 1.16 1.06 109 1.15 110 116 114 1.90
* For Merge and Diverge Segments this Density is only for Ramp Influence Areal
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Analysis Period 11:

Iﬁnput Worksheet - Directional Freeway Facility
FREEWAY SYSTEM TITLE:

Release June 22nd, 2012
1-580 WB

SEGMENT NUMBER : 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16
SECTION NUMBER ; 1 2 3 4 5 [ 7 8 a 10 1 12 13 14 15 16
SEGMENT LABEL: 501 802 503 304 505 306 807 308 309 10 311 8§12 813 814 815 316
Input or estimated segment type (BW, ONR,OFR,R) B OFR B ONR B OFR B ONR ORNR B OFR B ONR B ONR B
Segment Length (ft) 12,530 1500 2722 1,500 695 1427 1,870 1,500 1,000 500 1,000 1570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 279 301 289 322 30.6 320 261 307 56.5 56.3 613 59.8 56.4 58.7 56.0 56.8
Segment density (veh/miilane) 67.7 627 684.1 598 B2.6 59.9 67.2 619 367 36.8 338 3.8 347 333 36.6 361 57.2 vehimifin
Segment capacity (vph) 8,910 8910 8910 8910 8010 8910 910 8910 8810 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8901 8801 8757 9017 9017 9017 &§233 8830 98501 9501 08501 &714 8936 8836 9302 9302
Segment volume served (vph) 7543 7540 7412 7676 7674 7672 7018 7615 8286 8286 B286 7605 7827 7827 8192 B192
dic ratio 1.00 1.00 098 101 1.01 101 092 099 107 107 107 098 1.00 1.00 1.04 104
v/c ratio 085 085 083 086 086 086 079 085 093 093 093 0.85 088 088 092 092
Queue length at end of time interval (ft) 12530 1500 2722 1500 695 1427 1870 1500
Estimated Denied Entry Queue Length (ft.) 44,647
On-Ramp demand (vph) 0 o 0 261 a 0 o 597 671 o 0 a 222 o 366 0
On-Ramp volume served (vph) 0 o 0 261 o 0 o 597 671 o 0 o 222 o 366 0
On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0
On-Ramp queue length (ft)
On-Ramp capacity (vph) 2100 1,900 2100 2,100 2,100
Off- Ramp demand (vph) 0 144 0 [ 0 784 0 0 0 o 787 0 0 0 0 [
Off-Ramp volume served (vph) 0 126 0 0 0 647 0 0 0 0 681 0 0 0 0
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 5N 057 1.07 053 0.26 051 081 0.55 0.20 0.10 019 0.20 013 016 013 051 11.14 min
Free-flow travel time (min} 219 026 0.48 0.28 012 025 033 0.26 017 0.09 017 0.27 012 015 0.12 045 5.69 min
Freeway mainline delay (min) 292 0.30 0.59 027 0.14 0.26 0.49 0.29 0.03 0.01 0.01 0.02 0.02 0.02 0.02 0.08 5.45 min
System delay-- includes on-ramps (min} 292 0.30 0.59 0.27 0.14 0.26 0.49 0.29 0.03 0.01 0.01 0.02 0.02 0.02 0.02 0.06 5.45 min
VMTD Veh-miles / interval (Demand) 52806 6322 1,286 6404 2067 6093 7200 6271 4408 2249 4498 6478 2792 3554 2907 11207 13,771 veh-mi
VMTV Veh-miles / interval (Volume served) 44748 5355 9553 5452 2525 5184 6214 5409 3923 1962 3923 5653 2446 3113 2560 9950 11,797 veh-mi
VHT travel / interval (hrs) 16065 1780 3307 1693 824 1620 2379 1758 6.95 349 6.40 9.45 433 530 457 1752 35228 hrs
VHD delay finterval (hrs) 9181 956 1837 854 436 822 1423 927 081 047 036 076 057 051 063 221 170.79 hrs
Space mean speed = VMTV / VHT (mph} 279 301 289 322 306 320 261 307 565 563 613 508 564 587 56.0 568 335 mph
Segment density (pc/milane)” 714 66.1 67.7 629 66.0 632 709 653 249 389 374 335 243 351 288 380 60.3 pc/mifin
Density-based LOS on segment F F F F F F F F c E E D C E D E F
Demand-based LOS on segment F F F F F F F F F F
Travel Time Index (TTI) 233 216 2.25 202 212 203 249 211 115 118 1.08 1.09 115 111 118 114 1.96
= For Merge and Diverge Segments this Density is only for Ramp Influence Areal
Analysis Period 12:
pr— —
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|I-580 WB
SEGMENT NUMBER : 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16
SECTION NUMBER:| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SEGMENT LABEL:| s01 502 S03 504 505 S06 S07 508 509 510 S11 512 513 S14 815 516
Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR ONR B OFR. B ONR B ONR B
Segment Length (ft) 12530 1500 2722 1,500 695 1427 1870 1,500 1,000 500 1000 1,570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 650 65.0 65.0 65.0 650 65.0 65.0 65.0 650 65.0 65.0 65.0 650 65.0 65.0
Space mean speed (mph) 267 299 291 328 304 320 248 307 56.5 56.3 613 599 56.4 587 559 564
Segment density (veh/millane) 69.5 62.0 629 58.0 62.3 502 69.8 61.4 367 368 338 M7 347 334 369 36.6 57.8 veh/mifin
Segment capacity (vph) 8910 8810 8910 8910 8910 8810 8910 8910 8910 8810 8910 8910 8910 8810 8910 8910
Segment demand (vph) 8672 8672 8539 8806 8,806 8806 7962 8,631 9,381 9,381 9,381 8,569 8,826 8826 9237 9237
Segment volume served (vph) 7432 7430 7306 7574 7572 7574 6867 7,536 8286 8286 8286 7,587 7843 7843 8254 8254
dic ratio 0.97 097 0.98 0.99 0.99 0.99 0.89 0.97 1.05 1.05 1.05 0.98 0.99 0.99 1.04 1.04
vic ratio 083 083 082 085 0.85 085 077 085 093 083 083 085 0.88 088 083 083
Queue length at end of time interval (ft) 12520 1500 2722 1500 695 1427 1870 1500
Estimated Denied Entry Queue Length (ft.) 50,714
On-Ramp demand (vph) 0 0 0 267 0 0 0 669 750 0 0 0 257 0 411 0
On-Ramp volume served (vph) o o 0 267 o o 0 669 750 o 0 0 257 o 41 0
On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0
On-Ramp queue length (ft)
On-Ramp capacity {vph) 2,100 1,800 2100 2,100 2,100
Off- Ramp demand {vph) 0 133 0 0 0 845 0 0 0 0 812 0 a 0 0 0
Off-Ramp volume served (vph) 0 17 0 0 0 685 0 0 0 0 700 0 0 0 0
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 532 057 108 052 0.26 051 086 056 0.20 010 019 030 013 016 013 052 11.40 min
Free-flow travel time (min) 219 0.26 048 0.26 0.12 025 033 0.26 0.17 0.09 017 0.27 0.12 015 012 0.45 5.69 min
Freeway mainline delay (min) 313 031 0.59 026 0.14 026 054 029 0.03 0.01 001 002 0.02 0.02 0.02 0.07 571 min
System delay-- includes on-ramps (min} 313 031 059 026 014 026 054 029 0.03 0.01 001 002 0.02 002 002 0.07 571 min
VMTD Veh-miles / interval (Demand) 51448 6159 11006 6255 289.8 5950 7049 6130 4442 2221 4442 6370 2758 3510 2887 11218 13,474 veh-mi
VMTV Veh-miles / interval (Volume served) 44093 5277 9416 5379 2492 5117 6080 5352 3923 1962 3923 5640 2451 3119 2578 10025 11,683 veh-mi
VHT travel / interval (hrs) 16485 17683 3241 16.49 821 1600 2473 1744 6.95 349 6.40 942 434 532 481 1778 356.04 hrs
VHD delay finterval (hrs) 97.02 951 1792 8.21 437 813 1537 9.21 0.91 047 037 074 0.57 052 0.64 2.34 176.30 hrs
Space mean speed = VMTV / VHT (mph) 267 209 291 326 304 320 246 307 56.5 56.3 613 599 56.4 587 55.9 56.4 32.8 mph
Segment density (pcimiflane)* 73.3 655 66.2 612 65.8 625 737 4.8 24.9 389 375 334 24.4 353 293 386 61.0 pc/mifin
Density-based LOS on segment F F F F F F F F c E E D c E D E F
Demand-based LOS on segment F F F F F
Travel Time Index (TTI) 243 217 224 199 214 203 264 212 1.15 1.16 1.06 1.09 1.156 11 116 115 2.00
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!

119



Analysis Period 13:

pr— —
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEVWAY SYSTEM TITLE:|I-580 WB

SEGMENT NUMBER : 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER :| 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL:| S01 502 803 504 805 506 807 808 809 510 311 812 813 s14 315 816

Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12,530 1500 2722 1500 695 1,427 1870 1,500 1,000 500 1,000 1570 660 840 660 2565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Free flow speed (mph) 65.0 65.0 650 65.0 65.0 65.0 650 65.0 65.0 65.0 65.0 650 65.0 65.0 65.0 650

Space mean speed (mph) 26.9 303 206 335 31.2 325 246 31.0 56.5 56.3 613 60.0 56.4 588 56.0 56.6

Segment density (veh/mi/lane) 691 615 62.0 56.8 611 586 69.8 60.7 36.7 368 338 315 346 333 367 363 57.4 veh/miln
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910

Segment demand (vph) 8572 8572 8445 8721 8721 8721 7861 8500 9268 9,268 9268 8457 8712 8712 9115 9115

Segment volume served (vph) 7451 7451 7339 7618 7618 7619 6879 7527 8286 5,286 8288 7567 7822 7822 8225 8225

dic ratio 0.98 0.98 095 098 0.98 0.98 088 095 1.04 1.04 1.04 095 098 0.98 1.02 1.02

vic ratio 0384 084 082 085 0.86 086 077 084 093 093 093 085 088 088 092 082

Queue length at end of time interval (ft) 12530 1500 2722 1500 695 1427 1870 1500

Estimated Denied Entry Queue Length (ft.) 62,488

On-Ramp demand (vph) 0 0 0 276 0 0 0 648 759 0 0 0 255 0 403 0

On-Ramp volume served (vph) 0 [ 0 276 0 0 0 648 759 0 [ 0 255 0 403 0

On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0

On-Ramp queue length (ft)

On-Ramp capacity (vph) 2100 1900 2100 2100 2100

Off- Ramp demand (vph) 0 127 0 0 0 860 0 0 0 0 8 0 0 0 0 0

Off-Ramp volume served (vph) 0 "2 0 0 0 735 0 0 0 0 720 0 0 0 [

Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)

Travel time per vehicle (min) 529 056 105 051 025 050 0.86 055 020 010 019 030 013 0.16 013 051 11.30 min
Free-flow travel time (min) 219 026 048 026 0.12 025 033 026 0.17 0.09 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 3.09 030 057 025 0.13 025 054 029 0.03 001 001 002 002 002 002 007 5.61 min
System delay— includes on-ramps (min) 3.09 0.30 0.57 025 013 0.25 0.54 029 0.03 0.01 0.01 0.02 0.02 0.02 0.02 0.07 5.61 min
VMTD Veh-miles / interval (Demand) 50857 6088 10884 6194 287.0 5892 6960 G043 4388 2194 4388 6286 2723 3465 2848 11070 12,315 veh-mi
VMTV Veh-miles / interval (Volume served) 44205 5292 9459 5410 2507 5148 6091 5346 3923 1962 3923 5625 2444 3111 2570 9989 11,701 veh-mi
VHT travel | interval (hrs) 16408 1748 3198 1614 804 1585 2472 1723 6.95 3.49 6.41 9.38 433 5.29 459 1765 353.60 hrs
VHD delay iinterval (hrs) 96.07 934 1743 782 419 793 1535 901 091 047 037 073 057 051 064 228 173.60 hrs
Space mean speed = VMTV | VHT (mph) 26.9 303 206 335 31.2 325 246 31.0 56.5 56.3 613 60.0 56.4 588 56.0 56.6 321 mph
Segment density (pcimiflane)® 729 64.9 654 59.9 64.5 619 736 64.0 249 389 378 333 242 351 291 383 60.5 pc/midn
Ds ity-based LOS on segment F F F F F F F F c E E D c E D E F

D d-based LOS on segment F F F F F

Travel Time Index (TT1) 241 215 220 194 209 2.00 264 210 1.15 116 108 108 115 m 116 115 1.99

* For Merge and Diverge Segments this Densily is only for Ramp Influence Areal

Analysis Period 14:

Iﬁnpul Worksheet - Directional Freeway Facility Release June 22nd, 2012 |:
FREEWAY SYSTEM TITLE:|1-580 WB
SEGMENT NUMBER ;| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER :| 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16

SEGMENT LABEL: s01 802 503 504 805 S06 507 508 809 810 S11 512 813 314 515 S16

Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B  ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12530 1500 2722 1,500 695 1427 1870 1,500 1,000 500 1,000 1,570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Free flow speed (mph) 650 65.0 65.0 65.0 650 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 650 65.0 65.0

Space mean speed (mph) 272 308 300 340 318 3289 248 313 56.5 563 612 60.0 56.5 588 56.0 56.7

Segment density (veh/millane) 686 61.0 614 56.2 60.0 581 69.6 60.0 367 36.8 338 35 346 332 366 36.2 57.0 vehimidn
Segment capacity (vph) 8910 8810 8910 8910 8910 8910 8010 8910 8910 8910 8910 8910 8910 8910 8910 5210

Segment demand (vph) 8474 8474 8351 8635 8635 8635 7760 8383 9155 9155 9,155 8345 8600 BE00 8,993 8993

Segment volume served (vph) 7476 7476 7364 7648 7649 7650 6,891 7519 B286 8286 8286 7560 7814 7814 8207 8207

dic ratio 0.95 095 0.94 0.97 097 097 0.87 0.94 103 1.03 1.03 0.94 0.97 097 1.01 1.01

vic ratio 084 084 083 0.86 086 086 077 084 093 093 093 0385 088 088 092 092

Queue length at end of time interval (ft) 12530 1500 2722 1500 695 1427 1870 1500

Estimated Denied Entry Queue Length (ft.) 71512

On-Ramp demand (vph) 0 0 0 284 0 0 0 628 767 0 0 0 254 0 393 0

On-Ramp volume served (vph) 0 0 0 284 0 0 0 628 767 0 0 0 254 0 303 0

On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0

On-Ramp queue length (ft)

On-Ramp capacity {vph) 2100 1800 2100 2100 2100

Off- Ramp demand {vph) 0 123 0 0 0 874 0 a 0 0 810 0 0 0 0 0

Off-Ramp volume served (vph) 0 111 0 0 0 756 0 [ 0 0 727 0 0 0 0

Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)

Travel time per vehicle (min) 523 056 103 0.50 025 043 086 054 020 010 019 0.30 013 016 013 0.51 11.18 min
Free-flow travel time (min) 219 026 048 0.26 012 025 033 0.26 017 008 017 027 012 015 012 0.45 5.69 min
Freeway mainline delay (min) 304 029 056 024 013 024 053 028 003 001 001 0.02 002 002 002 0.07 5.50 min
System delay— includes on-ramps (min) 3.04 0.29 0.56 0.24 013 0.24 053 0.28 0.03 0.01 0.01 0.02 0.02 0.02 0.02 0.07 5.50 min
VMTD Veh-miles / interval (Demand) 50272 6018 10763 613.3 2841 5834 8871 5957 4335 2167 4335 6204 2687 3420 2810 1,0022 13,157 veh-mi
VMTV Veh-miles | interval (Volume served) 44352 5310 9491 5432 2517 5168 6101 5340 3923 1962 3923 5620 2442 3108 2565 9968 11,722 veh-mi
VHT travel / interval (hrs) 162.80 1733 3185 1597 790 1571 2464 17.04 6.95 349 6.41 9.37 433 529 458 17.58 351.01 hrs
VHD delay finterval (hrs) 94.56 9168 17.05 781 402 776 1526 8.82 091 047 0.37 0.72 057 050 0.63 2.24 170.67 hrs
Space mean speed = VMTV / VHT (mph) 272 308 30.0 34.0 318 329 2438 313 56.5 56.3 612 60.0 56.5 588 56.0 56.7 33.4 mph
Segment density (pc/millane)* 724 644 648 59.3 633 613 734 633 249 389 3786 332 241 350 289 382 60.1 pc/mifin
Density-based LOS on segment F F F F F F F F c E E D c D D E F
Demand-based LOS on segment F F F F F

Travel Time Index (TTI) 239 212 217 191 204 198 2,63 207 115 118 1.08 1.08 115 1 1.18 115 1.97

* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
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Analysis Period 15:

Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 I:
FREEVVAY SYSTEM TITLE:|1-580 WB
SEGMENT NUMBER] 1 2 3 4 5 5 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER:| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SEGMENT LABEL | 501 502 503 504 805 806 507 508 809 810 s11 512 513 814 815 816

Input or estimated segment type (B,W, ONR,OFRR} B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR 8
Segment Length (ft) 12530 1500 2722 1500 695 1427 1,870 1500 1000 500 1000 1570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Free flow speed (mph) 650 650 650 650 650 650 650 650 650 650 650 650 650 650 650 650

Space mean speed {mph} 274 310 303 346 326 333 2489 317 565 563 612 600 565 588 560 563

Segment density (veh/millane) 684 605 609 555 500 576 694 593 357 368 338 315 346 332 366 360 56.7 vehimiln
Segment capacity (vph) 8910 2910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910

Segment demand (vph) 8374 8374 8256 8540 8540 8540 7,660 8266 D041 0041 0041 8233 8486 8486 8871 8871

Segment volume served (vph} 7504 7505 7393 7685 7686 7,686 6005 7511 82865 8286 8286 7,553 7,806 7,806 8191 g191

dic ratio 094 094 093 095 096 096 086 083 101 101 101 082 085 085 100  1.00

vic ratio 084 084 083 085 08 086 077 084 083 093 003 085 088 088 0902 002

Queue length at end of time interval (ft) 12530 1500 2722 1500 695 1427 1870 1500

Estimated Denied Entry Queue Length (ft) 79,805

On-Ramp demand (vph} 0 0 0 293 0 0 0 606 775 0 0 0 253 0 385 0

On-Ramp volume served (vph) 0 0 0 293 0 0 0 606 775 0 0 0 253 0 385 0

On Ramp delay (veh-hrs) 00 0.0 00 0.0 0.0

On-Ramp queue length (ft)

On-Ramp capacity {vph) 2100 1,900 2,100 2,100 2,100

Off- Ramp demand (vph) 0 118 0 0 0 8o 0 0 0 0 so08 0 0 0 0 0

Off-Ramp volume served (vph) o 109 0 0 0 778 0 0 0 0 734 0 0 0 0

Off-Ramp capacity (vph)
Ramp-to-Ramp demand {vph)

Travel time per vehicle (min} 5.19 0.55 1.02 049 024 0.49 0.85 054 0.20 010 0.19 0.30 013 016 013 0.51 11.10 min
Free-flow travel time (min) 2.19 0.26 043 0.26 012 0.25 0.33 0.28 017 0.09 0.17 0.27 012 015 012 0.45 5.69 min
Freeway mainline delay (min) 3.00 0.29 054 023 012 0.24 053 0.28 003 0.01 0.01 0.02 0.02 0.02 0.02 0.06 5.41 min
System delay-- includes on-ramps (min} 3.00 0.29 054 023 012 0.24 053 0.28 003 0.01 0.01 0.02 0.02 0.02 0.02 0.06 5.41 min
VMTD Veh-miles / interval (Demand) 49681 5947 10841 6072 281.2 5776 6782 5871 4281 2140 4281 6120 2852 3375 2772 10774 12,998 veh-mi
VMTV Veh-miles / interval (Volume served) 44521 5330 9528 5458 2529 5193 6114 5335 3923 1962 3023 5614 2439 3105 256.0 9943 11,748 veh-mi
VHT travel / interval (hrs) 162.28 1718 3141 1578 776 1557 2457 1684 6.95 349 6.41 9.35 432 528 457 17.51 349.27 hrs
VHD delay finterval (hrs) 9378 898 1678 7.38 387 7.58 15.18 863 091 047 037 072 057 050 063 221 168.53 hrs
Space mean speed = VMTV | VHT (mph) 274 310 303 246 326 333 249 N7 565 56.3 612 60.0 565 588 56.0 56.8 338 mph
Segment density (pcimiflane)* 721 638 843 586 622 60.8 732 825 249 389 376 332 241 350 288 380 59.8 pc/mifin
Ds ity-based LOS on segment F F F F F F F F c E E D Cc D D E F
Demand-based LOS on segment F F F

Travel Time Index (TT1) 237 2.09 214 1.88 1.99 1.95 261 2.05 115 1.16 1.06 1.08 115 1.10 1.16 1.14 1.95

* For Werge and Diverge Segments this Density is only for Ramp Influence Areal

Analysis Period 16:

pr— —
Input Worksheet - Directional Freeway Facility
FREEWAY SYSTEM TITLE:

SEGMENT NUMBER : 4 5 6 T ] 10 11 12 13 14 15 16
SECTION NUMBER :| 4 5 6 7 8 a 10 11 12 13 14 15 16
SEGMENT LABEL:| S04 805 806 807 308 809 810 s1 812 813 514 515 516

Input or estimated segment type (B,WV, ONR,OFR,R) ONR B OFR B ONR ONR B OFR. B ONR B ONR B

Segment Length (ft) 1500 695 1,427 1,870 1,500 1,000 500 1,000 1,570 660 840 660 2,565 6.16 miles
Humber of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4

Free flow speed (mph) 650 650 B65.0 B65.0 B65.0 B65.0 B5.0 B5.0 65.0 65.0 65.0 65.0 65.0

Space mean speed (mph) 352 340 342 250 320 56.5 56.3 61.2 60.1 56.5 58.9 56.0 56.9

Segment density (veh/miflane) 548 56.9 566 691 587 367 368 338 314 345 331 36.5 359 56.3 veh/mifln
Segment capacity (vph) 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910

Segment demand (vph) 8,357 8,357 8,357 7,453 8,038 8,821 8,821 8,821 8,015 8,267 8,267 8,642 8,642

Segment volume served (vph) 7730 7730 7731 65,920 7,503 8,286 8,286 8,286 7,546 7798 7798 8,173 8,173

dic ratio 0.94 0.94 094 0.84 0.90 0.99 0.99 0.99 0.90 0.93 0.93 0.97 0.97

vic ratio 087 087 087 078 0.84 093 093 093 0.85 088 088 092 092

Queue length at end of time interval (ft) 1500 695 1427 1870 1500

Estimated Denied Entry Queue Length (ft.)

On-Ramp demand (vph) 301 0 0 0 585 783 o o o 252 o 375 o

On-Ramp volume served (vph) 301 0 0 0 585 783 o o o 252 o 375 o

On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0

On-Ramp gueue length (ft)

On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100

Off- Ramp demand (vph) 0 0 904 0 0 0 0 807 0 0 0 0 0

Off-Ramp volume served (vph) 0 0 804 0 0 0 0 740 0 0 0 0

Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)

Travel time per vehicle (min) 048 023 047 0.85 053 0.20 0.10 0.19 0.30 013 0.16 013 0.51 10.99 min
Free-flow travel time (min} 0.26 0.12 025 0.33 0.26 0.17 0.09 0.17 0.27 0.12 0.15 0.12 0.45 5.69 min
Freeway mainline delay (min) 022 011 023 052 027 0.03 0.01 0.01 0.02 0.02 0.02 0.02 0.06 5.30 min
System delay-- includes on-ramps (min) 0.22 01 0.23 0.52 0.27 0.03 0.0 0.0 0.02 0.02 0.02 0.02 0.06 5.30 min
VMTD Veh-miles /interval (Demand) 5935 2750 564.7 659.9 5709 4177 208.8 4177 59858 258.3 3288 2701 1,0496 12,675 veh-mi
VMTV Veh-miles /interval (Volume served) 549.0 2544 5223 B12.7 5329 392.3 196.2 3923 560.9 243.7 310.2 2554 9927 11,786 veh-mi
VHT travel / interval (hrs) 1558 749 1529 24.48 16.68 6.95 349 6.41 934 432 527 456 17.45 347.07 hrs
VHD delay finterval (hrs) 713 3.58 7.26 15.05 8.48 0.91 0.47 0.37 0.71 0.57 0.50 0.63 217 165.74 hrs
Space mean speed = VMTV | VHT (mph) 352 340 342 250 320 56.5 56.3 6512 60.1 56.5 589 56.0 56.9 34.0 mph
Segment density (pcimiflane)* 578 600 597 729 619 249 389 377 331 240 349 287 379 59.4 pc/mifin
Density-based LOS on segment F F F F F c E E D c D D E F
Demand-based LOS on segment

Travel Time Index (TTI) 184 191 190 260 203 115 116 1.06 108 115 110 116 114 183

* For Merge and Diverge Segments this Density is only for
——
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Analysis Period 17:

pr— —
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE: 1-580 WB
SEGMENT NUMBER ;| 1 2 3 4 5 6 7 g 9 10 1 12 13 14 15 16
SECTION HUMBER 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16
SEGMENT LABEL :| s01 802 803 504 805 806 807 508 509 310 s 812 813 814 815 816
Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR  ONR B OFR B ONR B  ONR B
Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1,000 500 1,000 1,570 660 840 660 2,565 8.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 85.0 85.0 85.0 85.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 282 324 313 36.3 352 35.0 253 323 56.5 56.3 612 60.1 56.5 59.0 56.1 57.1
Segment density (ven/miflane) 67.5 58.7 60.0 538 553 55.7 68.8 58.3 367 368 338 313 344 329 36.3 356 55.8 veh/mi/in
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8,053 8053 7944 8236 8236 8236 7357 7926 8687 8687 8687 7003 8148 8148 8513 8513
Segment volume served (vph) 7610 78611 7,506 73801 7802 7804 6958 7525 8286 82865 8286 7529 7773 7773 8138 8138
dic ratio 090 090 089 092 092 092 083 089 097 097 097 089 091 091 0.98 0.96
vic ratio 085 085 084 088 088 088 078 084 093 093 093 084 087 087 091 0.91
Queue length at end of time interval (ft) 12530 1500 2722 1500 695 1427 1870 1500
Estimated Denied Entry Queue Length (ft.) 88,487
On-Ramp demand (vph) 0 0 0 293 0 0 o 568 761 o o 0 245 0 365 0
On-Ramp volume served (vph) 0 0 0 293 0 0 0 568 761 0 0 0 245 0 365 0
On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0
On-Ramp queue length (ft)
On_Ramp capacity {vph) 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 109 0 0 0 879 o o o o 783 0 0 0 0 0
Off-Ramp volume served (vph) 0 108 0 0 0 844 o o o o 758 0 0 0 0
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 5.05 053 0.99 047 022 046 084 053 020 010 019 030 013 0.16 013 051 10.82 min
Free-flow travel time (min) 2.19 0.26 0.48 0.26 0.12 0.25 033 0.26 017 0.09 017 0.27 0.12 0.15 0.12 0.45 5.69 min
Freeway mainline delay {(min} 2.86 0.26 0.51 0.21 0.10 021 051 027 0.03 0.01 0.01 0.02 0.02 0.01 0.02 0.06 5.13 min
System delay-- includes on-ramps (min) 2.86 0.26 0.51 0.21 0.10 0.21 0.51 0.27 0.03 0.01 0.01 0.02 0.02 0.01 0.02 0.06 5.13 min
[VMTD Veh-miles / interval (Demand) 47775 5719 10238 5850 2710 5565 6514 56289 4113 2057 4113 5875 2546 3241 266.0 10339 12,484 veh-mi
[VMTV Veh-miles / interval (Volume served) 45147 5406 9674 5540 2567 5273 6160 5345 3923 1962 3923 5596 2429 3092 2543 09884 11,846 veh-mi
VHT travel / interval (hrs) 16018 1667 3092 1528 728 1506 2438 1657 6.95 349 6.41 931 430 524 454 17N 34388 hrs
(VHD delay finterval (hrs) 90.72 835 16.04 6.75 333 695 1490 834 081 047 037 070 056 048 062 210 161.63 hrs
Space mean speed = VMTV / VHT (mph) 282 324 M3 363 352 35.0 253 323 565 563 612 6801 56.5 59.0 56.1 571 34.4 mph
Segment density (pcimiflane)* 12 619 633 56.7 584 588 7286 615 249 389 378 330 238 347 284 376 58.9 pc/midn
Density-based LOS on segment F F F F F F F F [+ E E D [+ D D E F
Demand-based LOS on segment
Travel Time Index (TTI) 23 200 208 179 184 186 257 201 115 116 1.06 1.08 115 1.10 1.16 1.14 190
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
Analysis Period 18:
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 [
FREEWAY SYSTEM TITLE:|I-580 WB
SEGMENT NUMBER : 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER ;| 1 2 3 4 5 & 7 8 9 10 " 12 13 14 15 16

SEGMENT LABEL ;| S01 502 503 504 805 S06 807 508 509 510 S11 512 513 514 515 518

Input or estimated segment type (B,W, ONR,0FR,R) B OFR B ONR B OFR B ONR ONR B OFR B  ONR B ONR B
Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1,000 500 1,000 1570 660 840 660 2585 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0

Space mean speed (mph) 29.0 333 323 36.9 36.8 35.9 257 326 56.5 56.3 612 60.1 56.5 59.0 56.1 571

Segment density (veh/mi/lane) 661 575 585 531 53.3 54.5 68.1 57.9 36.7 36.8 338 34 344 330 363 356 54.9 veh/mifn
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8,910 8,910 8910 8910 8910 8910 8910 8910

Segment demand (vph) 7.831 7,831 7725 8009 8009 8009 7157 7708 8,447 8,447 8,447 7687 7925 7925 8279 8279

Segment volume served (vph) 7659 7660 7555 7837 7838 7838 6999 7547 8,286 8,286 8,286 7539 7776 7776 8131 8131

dic ratio 088 088 087 0.80 0.90 0.90 0.80 087 0.95 095 095 086 089 089 083 083

vic ratio 086 0.86 085 088 088 088 079 085 093 093 093 085 087 087 081 091

Queue length at end of time interval (ft) 12530 1500 2722 1500 695 1427 1870 1500

Estimated Denied Entry Queue Length (ft.) 87,395

On-Ramp demand (vph) 0 o o 284 o o o 551 739 0 0 0 237 0 354 o

On-Ramp volume served (vph) 0 o o 284 o o o 551 739 0 0 0 237 0 354 o

On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0

On-Ramp queue length {ft)

On-Ramp capacity (vph) 2,100 1900 2,100 2,100 2,100

Off- Ramp demand (vph) 0 106 o o o 852 o 0 0 0 760 0 0 0 0 o

Off-Ramp volume served (vph) 0 104 o o o 836 o 0 0 0 747 0 0 0 0

Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph}

Travel time per vehicle (min) 491 051 0.96 046 021 045 0.83 0.52 0.20 0.10 0.19 0.30 013 018 013 051 10.59 min
Free-flow travel time (min) 219 026 048 026 012 025 033 0.26 017 009 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 272 025 048 020 0.09 020 050 0.26 0.03 001 001 002 002 001 002 0.06 4.90 min
System delay-- includes on-ramps (min) 272 025 048 020 009 020 050 0.26 0.03 001 001 002 002 001 002 0.08 4.90 min
'VMTD Veh-miles | interval (Demand) 46461 5562 9957 5688 2636 5412 6337 5475 4000 2000 4000 5714 2476 3152 2587 10054 12,151 veh-mi
'VMTV Veh-miles | interval (Volume served) 45442 5440 9738 5566 2579 5206 6197 5360 3923 196.2 3923 5604 2430 3093 2541 987 4 11,897 veh-mi
'VHT travel / interval (hrs) 15683 1635 3017 1508 7.01 1474 2413 1645 6.95 3.49 641 933 4.30 524 453 1728 33829 hrs
'VHD delay finterval (hrs) 86.92 788 1519 6.51 3.05 659 1460 821 0.91 047 037 070 056 048 0.62 209 15526 hrs
Space mean speed = VMTV / VHT (mph) 29.0 333 323 36.9 36.8 35.9 257 326 56.5 56.3 612 60.1 56.5 59.0 56.1 571 35.2 mph
Segment density (pc/miflane)* 69.7 607 617 56.0 56.2 57.5 71.9 61.1 249 389 377 331 238 348 283 375 57.9 pa/mifn
Density-based LOS on segment F F F F F F F F c E E D [+ D [} E F
Demand-based LOS on segment

Travel Time Index (TTI) 224 1.95 2.01 1.76 177 1.81 253 2.00 1.15 116 1.06 1.08 115 1.10 1.16 114 1.86

ts this D

Ramp Influence Areal
—
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Analysis Period 19:

—
[[eretworveneet - Drectonal Freeway Faciiy Release June 22nd, 2012
FREEWAY SYSTEM TITLE: 1-580 WB
SEGMENT NUMBER:| 1 2 3 4 5 6 7 ] 9 10 1 12 13 14 15 16
SECTION NUMBER:| 1 2 3 4 5 6 7 8 E] 10 11 12 13 14 15 16

SEGMENT LABEL ;| 501 502 503 S04 505 506 07 S08 509 510 s11 §12 513 514 815 516

Input or estimated segment type (BW, ONR,OFR,R) B OFR B OMR B OFR B ONR ONR B OFR B ONR B ONR 8
Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1000 500 1,000 1570 660 840 660 2565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Free flow speed (mph) 650 650 650 650 650 650 650 650 650 650 650 650 650 650 650 650

Space mean speed {mph) 203 337 327 373 374 354 250 329 565 563 612 601 565 500 561 572

Segment density (veh/millane) 656 571 580 527 527 541 678 575 367 368 338 314 344 329 362 355 54.6 veh/milin
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8810 8910 8910 8910 8910 8910 8910 8810 8910 8910

Segment demand (vph) 7769 7769 7.666 7942 7942 7942 7115 7650 8367 8367 8367 7629 7860 7,860 8203 8203

Segment volume served (vph) 7696 7,697 7594 7870 7870 7871 7034 7570 8286 8286 8286 7541 7772 7772 8115 8115

dic ratio 087 087 086 083 089 083 080 085 094 094 0094 085 088 088 002 002

vic ratio 086 086 08 088 08 088 079 085 093 093 093 085 087 087 091 081

Queue length at end of time interval (ft) 12630 1500 2722 1500 695 1427 1870 1500

Estimated Denied Entry Queue Length (ft.) 89,151

©On-Ramp demand (vph) 0 0 0 27 0 0 0 535 7T 0 0 0 23 0 343 0

©On-Ramp volume served (vph) 0 0 0 27 0 0 o 533 7T 0 0 0 23 0 343 0

On Ramp delay veh-hrs) 0.0 0.0 0.0 0.0 00

On-Ramp queue length (ft)

©On-Ramp capacity {vph) 2,100 1900 2,100 2100 2100

Off-Ramp demand {vph) 0o 103 0 0 0 827 0 0 0 0 738 0 0 0 0 0

Off-Ramp volume served (vph) 0 104 0 0 0 837 0 0 0 0 746 0 0 0 0

Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)

Travel time per vehicle (min) 4.86 051 0.95 0.46 0.21 0.45 0.82 0.52 0.20 0.10 0.19 0.30 013 0.16 013 0.51 10.48 min
Free-flow travel time (min) 219 026 048 0.26 012 025 033 0268 017 0.09 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 267 024 0.47 019 009 020 049 028 003 0.01 0.01 0.02 002 001 002 0.08 4.79 min
System delay-- includes on-ramps (min) 267 024 0.47 019 009 020 049 028 0.03 0.01 0.01 0.02 002 001 002 0.08 4.79 min
VMTD Veh-miles | interval (Demand) 46090 5518 988.0 5640 2613 5366 6209 5433 3061 1981 396.1 567.1 2456 3126 2564 9963 12,052 veh-mi
VMTV Veh-miles / interval (Volume served) 4566.0 5467 978.7 558.9 259.0 5318 6228 5376 3923 1962 3923 560.6 2429 30041 2536 9856 11,934 veh-mi
'VHT travel / interval (hrs) 15575 1623 29.92 14.97 6.93 1462 2401 16.35 6.95 3.49 6.41 9.33 430 5.24 452 1722 336.24 hrs
'VHD delay finterval (hrs) 8551 782 14.86 6.37 2495 644 1443 8.08 091 047 0.37 071 056 048 062 208 152 64 hrs
Space mean speed = VMTV / VHT (mph) 293 337 327 373 374 364 259 329 56.5 56.3 612 601 56.5 59.0 56.1 572 355 mph
Segment density (pc/miflane)* 692 603 612 556 556 571 715 607 249 389 377 331 238 347 282 374 57.6 pcimifin
Density-based LOS on segment F F F F F F F F C E E o] c D o] E F
Demand-based LOS on segment

Travel Time Index (TTI) 222 193 1.99 174 174 179 251 198 115 1.16 1.08 1.08 115 110 116 114 184

* For Merge and Diverge Segments this Density is only for Ramp Influence Areal

Analysis Period 20:

—
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|-580 WB

SEGMENT NUMBER : 1 2 3
SECTION NUMBER : 1 2 3 8
SEGMENT LABEL 501 502 S03 S04 505 S06 507 508 509 S10 511 §12 513 514 515 516

10 1 12 13 14 15 16

-
@
o
~
@
©

Input or estimated segment type (B,W, ONR,0FR,R) B OFR B  ONR B OFR B ONR ONR B OFR B ONR B  ONR B
Segment Length (ft) 12,530 1500 2722 1500 695 1427 1,870 1500 1,000 500 1,000 1570 660 840 660 2585 6.16 miles
Humber of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 650

Space mean speed (mph) 315 360 348 324 292 403 2686 333 565 56.3 612 60.0 56.5 59.0 56.1 572

Segment density (veh/miflane) 623 545 555 613 67.7 491 66.5 57.0 367 368 338 315 344 330 362 354 53.3 veh/milln
Segment capacity (vph) 8,910 8910 8910 8910 8910 8910 8910 8910 8910 8910 88910 8910 8910 8910 8910 8910

Segment demand (vph) 7,394 7394 7294 7551 7,561 7,561 6,760 7278 7972 7972 7972 7257 7481 7.481 7812 7813

Segment volume served {vph) 7837 7841 7730 7945 7907 7909 7082 7592 8285 8286 8286 756 7779 7779 8112 812

dic ratio 0.83 0.83 0.82 085 085 0.85 0.76 0.82 0.89 089 0.89 0.81 0.34 0.84 088 088

vic ratio 088 088 087 089 089 089 079 085 093 083 093 0.85 087 087 081 081

Queue length at end of time interval (ft) 12530 1500 2722 1500 695 1427 1870 1500

Estimated Denied Entry Queue Length (ft.) 79,286

On-Ramp demand (vph) 0 0 0 266 0 0 0 519 694 0 0 0 224 0 332 0

On-Ramp volume served (vph) 0 0 0 266 0 0 0 518 694 0 0 0 224 0 332 0

On Ramp delay (veh-hrs) 0.0 0.0 0.0 0.0 0.0

On-Ramp queue length (ft)

On-Ramp capacity (vph) 2,100 1900 2100 2,100 2,100

Off- Ramp demand (vph) 0 100 0 0 0 801 0 0 0 0 715 0 0 0 0 0

Off-Ramp volume served (vph) 0 104 0 0 0 823 0 0 0 0 731 0 0 0 0

Off-Ramp capacity (vph}
Ramp-to-Ramp demand (vph)

Travel time per vehicle (min) 4.53 0.47 0.89 053 027 0.40 0.80 051 0.20 010 019 0.20 013 018 013 051 10.12 min
Free-flow travel ime (min) 219 026 048 0.26 012 025 033 026 017 0.09 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 233 021 041 0.26 015 0.15 047 025 0.03 0.01 0.01 0.02 002 0.02 0.02 0.06 4.43 min
System delay-- includes on-ramps (min) 233 021 041 026 015 0.15 047 025 0.03 0.01 0.01 0.02 002 002 002 0.08 4.43 min
VMTD Veh-miles /interval (Demand) 4,386.8 5251 9401 537.0 2488 5108 5985 5168 3775 1887 3775 5305 2338 2975 2442 0489 11,472 veh-mi
'VMTV Veh-miles / interval (Volume served) 4649.8 5569 9963 5643 2602 5344 6271 5392 3923 1962 3923 5617 2431 3094 2535 9851 12,062 veh-mi
'VHT travel / interval (hrs) 14778 1548 2861 17.42 891 13.26 2354 1619 6.95 349 6.41 9.36 431 525 452 1721 328.68 hrs
'VHD delay finterval (hrs) 76.25 692 1328 873 491 504 1389 7.90 091 047 037 072 057 049 062 205 14311 hrs
Space mean speed = VMTV / VHT (mph) 315 36.0 3438 324 29.2 40.3 26.6 333 56.5 56.3 61.2 60.0 56.5 59.0 561 572 36.7 mph
Segment density (pc/miflane)” 65.7 57.5 58.5 647 71.4 518 701 60.1 249 389 37.6 332 239 348 282 374 56.3 pcimifn
Density-based LOS on segment F F F F F F F F Cc E E D C D D E F
Demand-based LOS on segment

Travel Time Index (TTI) 207 181 187 201 223 1.61 244 185 115 116 1.06 1.08 115 110 116 114 178

* For Merge and Diverge Segments this Density is only for Ramp Influence Areal
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Appendix C

FREEVAL Outputfort5 80 Case Study with Proposed Model

Incorporation
Iﬁnlﬁy»uvcl Summary |
Title 1-580 W8
Number of ValidTime Intervals 20
Period Duration (min) 300 SECTION AND
PERIOD TOTALS
SEGMENT NUMBER : 1 2 3 4 5 6 7 8 9 10 1" 12 173 14 15 16 units
SEGMENT LABEL :| S01 S02 S03 S04 S05 S06 S07 S08 S09 510 S11 $12 $13 S14 $15 516
Irhpu‘ or estimated segment type (BWONR,OFR) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1000 500 1000 1570 660 840 660 2565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mi/hr) 65 65 65 65 65 65 65 65 65 65 65 65 65 65 65 65
Maximum dic ratio™ 1.00 1.00 098 1.01 1.01 101 093 099 107 107 107 098 1.00 1.00 104 1.04|Oversaturated
Time interval queueing begins
Travel time per vehicle (min) 259 028 056 031 014 027 036 03 020 on 019 [ 013 017 013 053 65893 min
'VMTD Veh-miles (Demand) 1002398 120000 214572 121576 56330 115660 139594 118118 83714 41857 83714 121131 51977 66152 53676 208606 259908 VMT
VMTV Veh-miles (Volume) 1002399 120000 214572 121426 56261 115516 139426 117707 82756 41378 82756 119762 51401 65420 53101 206370 259025 VMT
VHT travel (hrs) 18250 1939 3851 2189 1031 1912 2393 2120 1482 76 1355 2082 915 11586 955 3760 46165 VHT
VHD delay (hrs) 2829 93 550 8247 166 135 248 2368 8519 139 82 239 124 150 138 585 24611 VHD
Space mean speed = VMTV / VHT (mph) 5493 6189 5571 5548 5456 6043 5827 5553 5584 5334 6109 5753 5617 5658 5561 5489 56.1 mph
Average density (vpompl) 385 341 374 385 392 354 338 373 391 410 358 350 366 363 382 387 37.5 velvmi/in
Average density (pcpmpl) 406 36.0 394 406 413 373 356 394 413 432 377 369 386 383 403 40.8) 39.5 pcmi/in
—_—
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Analysis Period 1:

Output Worksheet - Directional Freeway

Release Feburary 20, 2011

Title: (I-580 WB
Time Interval Length 15 min
Time Interval number: (1
OF
20
SEGHMENT NUMBER:[ 1 z 3 [ 5 & 7 ] 3 [0 n 12 12 " 15 16 FACILITY
SEGMENT LABEL : =] 02 503 S04 505 S0 207 S08 S03 S0 Eill Si2 13 S S15 SiE
Input or estimated segment type [B.\W. ONR_OFF B OFR B OMR E OFR B OMR ONR B OFR B OMR B ONR B
Segment Length [ft) 12,530 1500 Z27Fzz 1500 B35 1427 1,870 1500 1,000 500 1000 15TOD BED 40 BED 2,565 B.16 mil=s
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed Imph) 62.0 B5.0 B5.0 B5.0 B5.0 B5.0 B5.0 62.0 62.0 62.0 B5.0 B5.0 B5.0 B5.0 B5.0 B5.0
Space mean speed [mph) 551 619 557 5.6 4.8 B0.8 S7.1 55.9 56,3 55.3 615 561 563 or.E 56.1 573
Segmemt density (vehimiflane) 36.4 3.2 ITE 363 38.9 350 387 3r T} 362 3.4 3.z 356 3.7 362 35.4 37.0 wehimilln
Segment capacity [vph) 8910 8910 85910 G530 890 890 890 85910 8910 8910 8310 830 590 8910 &8I0 890
Segmem demand [vph] 5474 8474 8373 8522 8522 8522 83 5230 8450 8450 Bd450 TIN B01F 8013 8110 8110
Segment volume served (vph) 8474  ©474 B3T3 8522 8522 8522 8143 5230 5450 5450 5450 TAS4 EMM3 8N B0 B0
dle ratio 03z 0.35 0.534 0.36 0.36 0.38 0.3 033 03z 03z 0.35 0.53 0.30 0.30 0.3 0.3
vle ratio 035 035 034 036 0.36 0.38 051 033 035 035 035 053 030 030 051 051
Estimated Denied Entry Queue Length (ft.] o
On-Ramp demand [vph) a a a W3 a 0 0 7 &0 a a a 55 a 33 0
On-Ramp volume served (vph) a a a 3 a 0 0 1|7 &0 a a a 55 a 33 0
On Ramp delay (veh-hrs)
On-Ramp queue length (ft)
On-Ramp capacity (vph) z,100 1300 2,100 z,100 2,100
Off- Ramp demand [vph) a 94 o o o 373 0 0 a a 435 o o o 0 0
Off-Ramp volume served [vph) a 94 o o o 373 0 0 a a 435 o o o 0 0
OFf-Ramp capacity [vph) 2,100 3,900 2,00
Ramp-to-Ramp demand [vph)
Travel time per vehicle [min) 258 0.28 0.56 03 0.1 0.27 0.37 0.3 020 0.0 018 03 013 017 013 0.51 6,55 min
Free-flow travel time [min) 213 0.26 0.45 0.26 01z 0.25 0.33 0.26 o0ar 0.03 oir 0.z7 01z 015 012 0.45 5.63 min
ine delay (min) 0.33 oo 0.05 0.04 0.0z 0.0z 0.05 0.04 0.03 0.0z 0o 0.03 0.0z 0.0z 0.0z 0.08 0.66 min
includes on-ramps [min) 0.33 om 0.0g 0.04 0.0z 0.0z 0.05 0.04 0.03 0.0z 0.m 0.03 n.oz n.oz 0.0z 0.08 0.86 min
VMTD Yeh-miles { interval [Demand) S0zr2 601G 10739 6053 2804 SVSE 7210 5868 4001 2001 4001 5913 2S04 3G 2534 9850 12,879 weh-mi
VMTVY Yeh-miles { interval (Volume served) S02vz2 G018 W79 G053 2804 SYSE  T210 5688 4001 2001 4001 5913 2504 FST 2534 9850 12,879 weh-mi
VHT wavel{ interval (hrs) ;.21 972 1933 W83 212 947 1283 1054 A 3.62 6.51 10.18 4.44 551 4.5z 1r.20 226.07 his
VHD delay tinterval (hrs) 13.87 0.46 278 158 0.80 0.61 1.54 148 0.35 0.54 0.35 108 0.53 0.61 0.62 2.05 23.92 his
Space mean speed = VMTV ! VHT (mph) 5.1 613 257 55.6 54.8 B0.8 7.1 55.3 56.3 55,3 B15 561 963 o 56.1 573 56.5 mph
Segment density [peimiflane)” 408 338 33T 320 4.0 282 36 268 265 40.3 ErAl 361 253 36.6 28.3 3rd 33.0 poimifln
Density-based LOS on segment E u] E u] E u} E u} C E E E c E u} E E
Demand-based LOS on segment
Travel Time Index (TTI) 118 105 117 117 113 1.07 114 116 113 118 106 11z 115 11z 116 114 113
* For Merge and Diverge Seaments this Density is onls far EPamE Influence Areal
Analysis Period 2:
—
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEVAY SYSTEM TITLE: |1-580 WB
SEGMENT HUMBER : 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 5 6 T 8 9 10 " 12 13 14 15 16
SEGMENT LABEL ;| 501 sS02 s02 S04 505 506 507 08 s09 510 S 812 513 514 518 516
Input or estimated segment type (B,W, ONR,0FR,R) 8 OFR B ONR 8 OFR B ONR  OWR 8 OFR B ONR B ONR B
Segment Length (ft) 12,530 1500 2722 1,500 695 1427 1,870 500 1,000 500 1,000 570 860 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
‘Space mean speed (mph) 548 61.9 55.4 54.5 60.8 56.8 558 1.4 56.3 57.6 56.0 57.0
‘Segment density (vehimillane) 38.8 344 38.0 386 39.3 B2 36.0 373 38.6 346 358 35.0 B4 BT 37.3 veh/mifln
Segment capacity (vph) 8,810 8810 8%0 890 8810 8810 8810 8810 8,810 8810 8810 8910 8810 8810
Segment demand (vph) 8519 8519 8424 8567 B8567 8567 8185 8333 8484 8494 3484 7906 054 8054 8152 8152
Segment volume served (vph) 8519 8519 8424 8567 B8567 8567 8185 8333 8484 8494 84854 7996 8054 8054 8152 8152
dlc ratio 098 0.96 095 096 098 096 052 0.54 085 055 0.95 0.50 0.50 0.50 051 0.591
Estimated Denied Entry Queue Length {t.) 0
On-Ramp demand (vph) 0 0 ] 143 0 0 ] 147 181 0 0 ] 58 0 99 ]
On-Ramp capacity (vph) 2,100 1900 2,100 2,100 2100
Off- Ramp demand (vph) 0 95 ] 0 0 382 ] 0 0 0 498 ] 0 0 0 ]
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 260 0.28 0.56 0.3 0.14 0.27 0.37 0.31 0.20 0.10 0.18 0.31 0.13 017 0.13 0.51 6.57 min
Free-flow travel time (min} 218 0.26 0.48 026 012 0.25 0.33 0.26 017 0.08 07 0.27 012 018 0.1z 0.45 5.69 min
Freeway mainline delay (min) 041 0.01 0.08 004 0.02 0.02 0.05 0.04 003 0.02 0.01 0.03 0.02 0.02 0.02 0.06 0.88 min
System delay— includes on-ramps (min) 041 0.01 0.08 0.04 0.02 0.02 0.05 0.04 003 0.02 0.01 0.03 0.02 0.02 0.02 0.06 0.88 min
VMTD Veh-miles / interval (Demand) 50543 8051 10857 6084 2819 5788 7247 5918 4022 2011 4022 5944 2517 3203 2548 9901 12,947 veh-mi
VMTV Veh-miles | interval (Volume served) 50543 8051 10857 6084 2818 5788 7247 5518 4022 2011 4022 5944 2517 3203 2548 59901 12,947 veh-mi
VHT travel / interval (hrs) 92.18 978 1959 1096 517 952 1275  10.80 715 366 .54 10.2T 447 5.56 455  17.38 230.12 hrs
VHD delay finterval (hrs) 14.43 0.47 289 180 083 062 1.60 1.50 096 0.58 0.36 113 080 064 063 213 30.93 hrs
‘Space mean speed = VMTV { VHT (mph) 548 61.9 55.4 54.5 60.8 56.8 558 56.3 55.0 1.4 579 56.3 57.6 56.0 57.0 56.3 mph
‘Segment density (pcimillane)* 41.0 339 40.1 324 41.4 286 38.0 282 269 40.7 T3 6.4 26.2 36.9 286 T 39.4 pcimiin
Density-based LOS on segment E D E D E D E D C E E E C E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 1.19 1.05 117 117 1.19 1.07 114 118 1.18 1.18 1.08 112 115 1.13 118 114 118
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
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Analysis Period 3:

Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 [
FREEWAY SYSTEM TITLE:|1-560 WB
SEGMENT HUMBER : 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER : 1 Z 3 4 ) L] 7 8 9 10 il 12 13 14 15 16
SEGMENT LABEL :| 501 502 503 S04 505 S08 S07 S08 S09 S10 S11 512 513 514 S18 s18
Input or estimated segment type (B,W, ONR,OFR,R) 8 OFR 8 ONR B OFR B ONR  ONR 8 OFR 8 ONR B ONR B
Segment Length (ft) 12,530 1,500 2722 1500 685 1,427 1,870 1,500 1,000 500 1,000 1,570 860 840 660 2,585 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 54.5 61.8 55.1 554 542 60.8 566 55.8 56.2 547 61.4 576 56.3 573 56.0 56.8
Segment density (veh/millane) 393 346 384 383 387 354 36.4 376 380 39.0 348 348 360 353 36.6 36.1 37.7 vehimifin
Segment capacity (vph) 8,910 8,810 8,810 8810 8,910 8,910 8910 8910 8910 8,910 8,810 8,810 8,810 8310 8,910 8910
Segment demand (vph) 8,565 8565 2469 8614 8614 8614 8230 8§37 8,540 8039 3098 8098 8197 8197
‘Segment volume served (vph) 8,565 8565 ©469 8614 8614 8614 8230 8378 8540 8039 80%8 809 8197 8,197
dic ratio 098 0.95 0.95 0.87 0.87 0.87 082 084 0.95 0.20 0.91 0.81 0.82 082
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) o o o 144 o 0 0 148 162 o o o 58 o 99 0
On-Ramp capacity (vph) 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 95 0 0 ] 324 0 0 0 0 501 0 0 ] ] 0
Off-Ramp capacity {vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 261 0.28 0.56 0.31 0.15 0.27 038 0.20 0.10 0.18 0.31 013 017 0.13 0.51 .60 min
Free-flow travel time (min) 218 026 0.48 0.26 012 0.25 033 017 0.08 017 027 012 0.15 0.12 045 5.69 min
Freeway mainline delay (min) 042 0.0 0.08 0.05 0.02 0.02 0.0s 0.03 0.02 0.0 0.04 0.02 0.02 0.02 0.07 0.81 min
System delay-- includes on-ramps (min) 042 0.01 0.09 0.05 0.02 0.02 0.05 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.51 min
VMTD Veh-miles | interval (Demand) 5,081.3 6083 10916 6118 2834 5820 7287 4044 2022 4044 5976 2831 3221 2882 13,017 weh-mi
VMTV Veh-miles | interval (Volume served) 5081.3 6083 10916 6118 2834 5820 7287 4044 2022 4044 5976 2531 3221 1562 13,017 veh-mi
VHT travel { interval (hrs) 93.17 §.83  18.60 11.04 5.23 9.58 1286 T.20 370 6.58 1037 4.50 5.62 4.57 754 23226 hrs
VHD delay /interval (hrs) 15.00 0.47 3.00 163 0.87 083 187 038 058 0.38 117 080 0.66 0.83 222 32.00 hrs
Space mean speed = VMTV / VHT (mph) 54.5 619 551 554 542 808 56.6 56.2 54.7 614 576 56.3 573 56.0 56.8 56.0 mph
Segment density (pc/mifllane)® 41.4 341 405 328 419 29.0 384 273 41.2 375 388 288 373 29.0 381 39.8 poimifn
Density-based LOS on segment E D E D E D E [ E E E c E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 118 1.05 118 117 120 107 115 117 118 118 1.08 113 115 113 118 115 118
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
Analysis Period 4:
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|I-550 WB
SEGMENT NUMBER :| 1 2 3 4 5 L3 7 8 9 10 1" 12 13 14 15 16
SECTION NUMBER : 1 2z 3 4 5 L] 7 8 9 10 1 12 13 14 15 16
SEGMENT LABEL ;| S04 502 503 S04 S05 506 S07 S08 S09 510 11 512 513 S14 S18 516
Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR  ONR OFR B  ONR B ONR B
Segment Length (ft) 12,530 1500 2722 1500 895 1427 1870 1500 1,000 500 1,000 1570 880 340 680 2565 6.18 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 650 650 65 B85.0 85.0 65.0 65.0 65.0 650 650 85.0 B85.0 85.0 65.0 65.0
Space mean speed (mph) 542 6138 549 553 53.9 807 56.3 557 56.1 544 614 574 563 571 58.0 56.5
Segment density (veh/millane) /7 343 388 391 40.1 357 387 378 382 395 35.0 352 362 357 36.8 385 38.0 vehimifin
‘Segment capacity (vph) 810 8810 8810 880 8910 &80 §I0 B0 8910 8810 8810 50 8810 &80 §EI0 B8O
Segment demand (vph) 8610 2810 3514 8659 88659 8273 8423 8586 8586 8588 8,081 3141 14 3240 8240
Segment volume served (vph) 2610 2610 3514 8650 @650 8273 8423 3586 8586 8586 g081 2141 &141 8240 2240
dic ratio 0.87 0.87 0.96 087 087 083 0.85 0.86 0.86 0.86 0. 0.1 081 082 0.82
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) o o o 145 0 0 0 149 163 o o o 59 0 100 o
On-Ramp capacity (vph) 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) (] 96 0 0 0 386 0 (] 0 0 505 0 0 0 0 (]
Off-Ramp capacity (vph) 2,100 3,800 2100
Ramp-to-Ramp demand {vph)
Travel time per vehicle (min) 282 028 0.56 0.31 015 027 038 0.31 020 o10 015 031 013 017 013 052 682 min
Free-flow travel time (min) 219 0.26 0.43 0.28 012 02s 033 0.26 017 0.09 017 0z7 012 015 012 0.45 S.69 min
Freeway mainline delay (min} 0.43 0.01 0.08 0.05 0.02 002 0.05 0.04 0.03 0.02 0.01 0.04 0.02 002 002 0.07 0.83 min
System delay— includes on-ramps (min) 0.43 0.01 0.08 0.05 0.02 002 0.0s 0.04 0.03 0.02 00 0.04 0.02 0.02 0.02 0.07 0.93 min
VMTD Veh-miles / interval (Demand) 51083 6115 1,073 6150 2849 7325 5982 4085 2033 4085 6008 2544 3238 2575 10008 13,088 veh-mi
VMTV Veh-miles [ interval (Volume served) 51083 6115 10973 6150 2849 7325 5982 4085 2033 4065 600.8 2544 3238 2575 10008 13,088 veh-mi
VHT travel / interval (hrs) 84.18 .88 2000 1111 528 12.01  10.74 7.24 374 662 1048 452 567 460 1771 234.41 hrs.
VHD delay finterval (hrs) 15.59 0.48 312 165 0.30 174 1.53 089 081 0.37 122 061 089 084 23 33.08 hrs
Space mean speed = VMTV / VHT (mph) 542 6138 549 553 53.9 807 56.3 557 56.1 544 614 574 563 571 58.0 56.5 55.8 mph
Segment density (pc/millane)* 419 343 40.9 332 424 29.4 387 299 217 418 376 371 269 376 29.4 385 40.1 pc/mifin
Density-based LOS on segment E D E D E D E 1 c E E E [ E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 1.20 1.05 1.18 1.17 1.21 1.07 115 147 1.16 118 1.06 1.13 1.16 1.14 116 1.15 1.16
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
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Analysis Period 5:

Input Worksheet - Directional Freeway Facility
FREEWAY SYSTEM TITLE:

Release June 22nd, 2012
1-680 WB

SEGMENT NUMBER:] 1 7 3 4 5 & 7 B ) 10 11 12 13 14 15 16
SECTION HUMBER:| 1 z 3 4 5 5 7 & ) 10 11 12 13 14 15 16
SEGMENT LABEL ;] 501 502 503 504 505 506 507 508 509 510 511 512 513 514 515 518
Input or estimated segment type (B,W, ONR,0FR,R) B OFR B ONR B OFR B ONR  ONR B OFR B ONR B ONR B
Segment Length (ft) 2,530 1,500 2722 1500 695 1,427 1870 1,500 1,000 500 1,000 1570 6860 240 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 538 618 547 852 536 60.6 56.4 556 559 536 61.3 5T.0 56.2 56.6 558 55.8
Segment density (veh/mi/lane)} 401 350 39.0 394 406 358 w7 381 388 406 35.5 w7 66 #.3 T4 a4 38.5 veh/miin
Segment capacity (vph) 8810 8910 @810 8810 8%0 &80 80 8910 8810 8910 8810 8810 8910 §SI0 0 E0
Segment demand (vph) 8856 8656 8538 8707 8707 8707 8287 8475 8706 8706 8706 8150 8223 8223 8356 8356
Segment volume served (vph) 8856 8656 8538 8707 8707 8707 8287 8475 8706 8706 8706 8150 8223 8223 8356 8356
dlc ratio 0.87 0.87 088 098 0.88 0398 083 085 088 0.88 0398 081 082 082 0.84 084
Estimated Denied Entry Queue Length (ft.} 0
0On-Ramp demand (vph) 0 o 0 169 0 0 o 208 231 0 0 o 73 0 133 0
On-Ramp capacity (vph} 2100 1900 2100 2,100 2,100
Off- Ramp demand (vph) 0 118 0 0 0 440 ] 0 0 0 555 ] 0 0 ] 0
Off-Ramp capacity (vph) 2,100 3,300 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 284 028 057 031 015 027 038 031 020 011 018 0.31 013 017 013 052 685 min
Free-flow travel time {min) 218 0.26 043 028 012 025 033 028 017 0.09 017 027 012 0.15 012 045 5689 min
Freeway mainline delay (min) 0.45 0.01 0.09 0.05 0.03 0.02 0.05 0.04 0.03 0.02 0.01 0.04 0.02 0.02 0.02 007 0.95 min
System delay-- includes on-ramps (min) 0.45 0.01 0.09 0.0 0.03 0.02 0.05 0.04 0.03 0.02 0. 0.04 0.02 0.02 0.02 0.07 0.96 min
VMTD Veh-miles | interval (Demand) 51354 6142 11004 6184 2865 5883 7320 6019 4122 2081 4122 8059 2570 32T 2611 10143 13,174 veh-mi
VMTV Veh-miles / interval (Volume served) 6148 11004 6184 S 7320 6019 4122 2061 4122 8059 2570 3271 2611 10148 13,174 veh-mi
VHT travel / interval (hrs) 9.95 2012 1118 5.34 970 1z%% 1082 T.37 3.84 873 1082 457 578 468 1817 237.07 hrs.
VHD delay finterval (hrs) 0.49 319 1.68 0.94 065 173 156 1.03 0.67 038 1.30 062 0.75 0.66 256 34.40 hrs
Space mean speed = VMTV / VHT (mph} 618 547 852 536 60.6 56.4 556 559 536 61.3 5T.0 56.2 56.6 558 55.8 55.6 mph
Segment density (pcimiflane)” M6 412 335 428 302 w|7 303 2886 428 36.4 T 278 383 03 39.5 40.6 pcimifln
Density-based LOS on segment 1} E D E D E D D E E E C E 1} E E
Demand-based LOS on segment
Travel Time Index (TTI) 1.20 1.08 1.19 118 1.21 1.07 115 117 1.18 1.21 1.08 114 118 1.18 118 1.18 117
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
— —
Analysis Period 6:
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 L
FREEWAY SYSTEM TITLE:|I-580 WB
SEGMENT HUMBER : 1 2 3 4 5 13 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER : 1 z 3 4 s 6 7 8 9 10 11 12 13 14 15 16
SEGMENT LABEL :f S04 S02 503 S04 S05 S08 S07 S08 509 S10 S11 s12 13 514 515 S18
Input or estimated segment type (B,W, ONR,OFR,R) B_I OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12,530 1,500 2722 1,500 685 1,427 1870 1,500 1,000 s00 1,000 1,570 860 240 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 85.0 85.0 650 65.0 65.0 85.0 B85.0 B850 650 65.0 65.0 B85.0 85.0 650 65.0 65.0
Space mean speed (mph) 536 617 545 552 533 805 564 556 557 528 811 567 56.1 56.1 557 551
Segment dengity (vehimillane) 405 352 393 |7 411 362 36.6 384 396 4.8 381 36.3 37.0 370 38.0 324 38.9 vehimifln
‘Segment capacity (vph) 8910 6910 §%10 8&9%10 8910 8910 @&910 §%10 8910 8910 8910 8910 8910 8910 8910 8§90
Segment demand (vph) &702 8702 8564 8757 8757 8757 @262 8527 8825 8826 8820 8217 8304 8304 8468 5468
Segment volume served (vph) 8702 8702 8564 8757 8757 8757 8262 8527 8825 8,825 8,825 8217 8304 8304 8468 8468
dlc ratio 088 0398 058 0.88 0.88 088 083 058 088 0.899 089 082 083 083 085 085
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 193 0 0 0 265 208 ] 0 0 &7 0 184 0
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 138 0 ] 0 485 0 0 0 ] 807 0 0 0 ] 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 2685 028 0.57 0.31 0.15 027 0.38 0.3 0.20 0.11 019 0.3 013 017 013 0.53 6.69 min
Free-flow travel time (min) 218 028 0.48 0.26 0.12 025 033 0.28 07 0.0% 07 027 012 0.15 01z 0.45 5.69 min
Freeway mainline delay (min) 0.48 oM 0.08 0.05 0.03 0.02 005 0.04 0.03 0.02 0.0 004 0.02 0.02 0.02 0.08 1.00 min
System delay-—- includes on-ramps (min) 048 oM 0.03 0.05 0.03 0.02 0.05 0.04 0.03 0.02 0.0 004 0.02 0.02 0.02 0.08 1.00 min
VMTD Veh-miles / interval (Demand) 51624 6180 11037 68219 2882 5917 7315 6056 4178 2089 4178 6108 2595 3303 2646 10285 13,281 veh-mi
VMTV Veh-miles | interval (Volume served) 51624 &18.0 11037 6219 2882 5917 7315 6056 4178 2089 4178 6108 2595 3303 2646 10285 13,281 veh-mi
VHT travel / interval (hrs) 96.24 1001 2024 11.28 5.41 977 1297 1090 7.50 3.9 683 1078 463 5.68 475 18.85 239.80 hrs
VHD delay finterval (hrs) 16.82 0.50 3.25 1.71 0.98 067 172 1.58 1.07 0.74 0.40 138 063 0.80 0.68 283 35.76 hrs
Space mean speed = VMTV / VHT (mph) 536 B81.7 545 52 533 80.5 56.4 558 8.7 528 81.1 6.7 56.1 6.1 8T 851 55.3 mph
Segment density (pc/mi/lane)* 4238 348 414 339 434 309 3886 307 296 441 381 383 283 380 312 405 41.1 pcimifin
Density-based LOS on segment E o E ] E D E o o E E E o E ] E E
Demand-based LOS on segment
Travel Time Index (TTI) 121 1.08 1.18 118 1.22 1.07 1.15 117 147 123 106 1.15 1.18 116 147 118 118

* For Merge and Diverge Segments this Density is only for

Ramp Influence Areal
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Analysis Period 7:

—
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|1-580 WB
SEGMENT HUMBER ;| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER ; 1 2 3 4 ] L] 7 8 9 10 1 12 13 14 15 16
SEGMENT LABEL ;| S01 S02 503 S04 S05 506 S07 S08 S09 510 S11 512 513 514 315 516
Input or estimated segment type (B,W, ONR,OFR,R) B_I OFR 8 ONR B OFR B ONR  ONR 8 OFR B ONR B ONR ]
Segment Length (ft) 12,5300 1,500 2722 1,500 685 1,427 1870 1,500 1,000 S00 1,000 1,570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 85.0 B5.0 850 85.0 85.0 85.0 85.0 85.0 85.0 850 85.0 B5.0 850 85.0 85.0 850
Space mean speed (mph) 53.3 81.7 544 552 53.3 60.5 6T 556 55.6 525 &1.1 566 56.1 56.0 556 548
Segment densgity (vehimillane) 41.0 35.4 395 /7 411 36.2 B2 384 39.9 423 36.3 36.3 3741 371 383 38.8 39.2 veh/mifin
‘Segment capacity (vph) 8910 &g%10 8910 8910 8910 §910 8910 8910 &%10 8910 8910 @&910 §8%10 89%0 8§90 8910
Segment demand (vph) 8747 8747 8588 8804 B804 GB04 B255 B57T9 68944 85944 B944 8286 5,387 BIBT 8584  B5B4
Segment volume served (vph) 8747 8747 8588 8754 8754 8754 8208 8532 8874 8874 8874 82N 8322 8322 8519 8518
dlc ratio 0.88 088 058 089 089 098 083 086 1.00 1.00 1.00 0383 084 0.84 088 0.98
vic ratio 0.88 038 098 0.98 038 038 092 096 1.00 1.00 1.00 032 0393 0.93 098 098
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 216 0 0 ] 323 366 0 0 0 101 ] 197 0
On-Ramp volume served (vph) 0 0 ] 166 0 ] 0 323 342 ] 0 0 101 0 187 ]
On Ramp delay (veh-hrs) 16 0.0 0.7 0.0 0.0
On-Ramp queue length (ft) 380 197
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 158 0 0 0 549 0 0 0 0 658 0 0 0 0 0
Off-Ramp volume served (vph) 0 155 0 o 0 548 o 0 0 0 653 0 0 o 0 0
Off-Ramp capacity {vph) 2,100 3,300 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 287 028 057 0.31 015 027 031 020 011 0.19 032 013 047 013 053 871 min
Free-flow travel time (min) 219 026 0.42 0.26 012 025 026 017 0.09 017 027 0.12 0.15 012 0.45 5.69 min
Freeway mainline delay (min) 0.43 001 0.09 0.05 0.03 0.02 0.04 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.0 1.02 min
System delay-- includes on-ramps (min) 0.45 om 0.08 230 0.03 0.02 X 0.04 055 0.02 0. 0.04 0.02 0.02 0.02 0.08 3.79 min
VMTD Veh-miles / interval (Demand) 5189.5 6212 1,1068 6253 2897 5848 7309 609.3 4235 2117 4235 @160 2621 3336 2682 1,0425 13,248 veh-mi
VMTV Veh-miles / interval (Volume served) §188.5 6212 11088 6218 2881 5815 7268 6058 4202 2101 4202 6111 2600 3310 2862 103486 13,305 veh-mi
VHT travel / interval (hrs) §7.30 1007 2035 1127 541 878 1282 1081 7.56 4.00 688 1079 464 591 479 1887 241.34 hrs.
VHD delay finterval (hrs) 17.46 051 332 327 087 068 184 158 183 077 0.42 139 064 0.81 089 285 38.94 hrs
Space mean speed = VMTV i VHT (mph) 533 817 544 552 533 805 6.7 556 55.6 525 811 56.6 56.1 56.0 556 548 55.1 mph
Segment density (pcimillane)* 433 352 418 339 433 311 kL 307 298 448 395 383 284 /2 318 4.0 41.3 pcimifin
Density-based LOS on segment E E E D E D E D D E E E D E D E E
Demand-based LOS on segment F F F
Travel Time Index (TTI) 122 105 1.20 118 122 1.07 118 117 117 124 1.08 115 1.18 116 117 1.18 1.18
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
Analysis Period 8:
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 [
FREEWAY SYSTEM TITLE:|1-650 WB
SEGMENT HUMBER :| 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER 1 2 3 4 s ] 7 3 9 10 1 12 13 14 15 16
SEGMENT LABEL ;| s01 502 503 S04 505 S06 S07 S08 509 S10 s 512 513 514 515 516
Input or estimated segment type (B,W, ONR,OFRR) | Bl o B ONR B OFR B ONR  ONR B OFR B ONR B ONR ]
Segment Length (ft) 12,530 1,500 2,722 1,500 895 1,427 1870 1,500 1,000 500 1,000 1,570 660 240 660 2,565 €.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 B850 685.0 85.0 85.0 65.0 85.0 685.0 650 65.0 65.0 B850 5.0 85.0 685.0
Space mean speed (mph) 52.0 618 542 553 537 60.4 573 506 55.6 523 61.0 6.8 56.1 56.1 556 547
Segment density (vehimillane) 415 357 397 393 405 359 353 38.1 40.0 425 36.4 36.1 370 370 384 39.0 38.3 veh/mifin
Segment capacity (vph) 8,910 8910 8,810 8310 8,810 8,910 8810 8810 8910 8,810 8,910 8910 8,810 8910 8910 8,810
Segment demand (vph) 8793 8793 8614 8853 8853 8853 8250 86N 9,063 9083 9083 8354 8458 8488 8697 8897
Segment volume served (vph) 8793 8793 8614 8691 2,601 8,691 8099 2480 &89 8,891 8,891 8195 §310 8310 8539 8539
dic ratio 0.89 089 0.7 0.99 089 099 0.93 087 1.02 1.02 1.02 0.94 0.95 0.95 098 0.%8
vic ratio 0.89 089 0.7 0.98 098 098 0.91 085 1.00 1.00 1.00 092 0.93 0.93 0.96 0.96
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 240 0 0 0 381 432 0 0 0 114 0 229 0
On-Ramp volume served (vph) 0 0 0 78 0 0 0 381 an 0 0 0 114 0 229 0
On Ramp delay (veh-hrs) 57 0.0 21 0.0 0.0
On-Ramp queue length (ft) 1,599 389
On-Ramp capacity (vph} 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 179 0 ] 0 603 ] 0 0 0 709 0 0 ] 0 0
Off-Ramp volume served (vph) 0 179 ] 0 0 592 0 0 ] ] 695 0 ] 0 0 ]
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min} 269 028 0.57 0.31 0.15 0zr 0.37 031 0.20 0.11 0.19 0.3 0.13 017 013 0.53 6.72 min
Free-flow travel time (min) 219 026 0.48 0.26 012 025 0.33 026 017 0.08 017 027 012 0.15 012 0.45 5.69 min
Freeway mainline delay (min) 0.49 0.01 0.08 0.05 003 0.02 0.04 0.04 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.08 1.03 min
System delay— includes on-ramps (min) 0.49 0.01 008 2540 003 0.02 0.04 0.04 128 0.02 0.01 0.04 0.02 0.02 0.02 0.08 27.83 min
VMTD Veh-miles / interval (Demand) 52165 6245 11101 8288 2913 5882 7305 6130 4291 2146 4251 6210 2848 3388 2718 1,0583 13,438 veh-mi
VMTV Veh-miles / interval (Volume served) 111041 8173 2880 5872 7171 8023 4210 2105 421.0 8092 2897 3305 2868 1037.0 13,217 veh-mi
VHT travel / interval (hrs) 2047 14T 532 am 12.51 10.82 758 4.02 690 1073 483 5.89 480 1896 242,03 hrs
VHD delay finterval (hrs) 339 9.86 082 068 1.48 156 325 0.78 0.42 1.3 063 0.81 069 3.00 47.50 hrs.
Space mean speed = VMTV | VHT (mph) 542 553 537 60.4 573 556 55.6 523 61.0 56.8 56.1 56.1 556 547 55.0 mph
Segment density (pcimillane)* 418 335 427 308 T3 303 30.0 448 88 381 283 38.1 38 41.2 41.4 poimiin
Density-based LOS on segment E 1} E D E D D E E E D E D E E
Demand-based LOS on segment F F F
Travel Time Index (TTI) 123 108 1.20 118 121 1.08 113 117 117 1.24 1.07 1.14 1.18 118 117 1.19 118

* For Merge and Diverge Segments this Density is only for

Ramp Influsnce Area!
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Analysis Period 9:

Input Worksheet - Directional Freeway Facility
FREEWAY SYSTEM TITLE:

Release June 22nd, 2012
1-580 WB

SEGMENT NUMBER:| 1 2 3 4 5 33 7 ) ) 10 1 12 13 14 15 16
SECTION NUMBER:[ 1 2 3 4 5 & 7 ) g 10 1 12 13 14 15 186
SEGMENT LABEL ;| s01 S02 503 504 S05 S06 S07 508 509 s10 s1 512 S$13 514 515 516
Input or estimated segment type (B,V, ONR,OFR,R) E_l OFR B  ONR B OFR B ONR  ONR B OFR B ONR B  ONR B
Segment Length (f) 12,530 1500 2722 ,500 685 1,427 1,870 1,500 1,000 500 1,000 1,570 660 840 660 2565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 85.0 65.0 650 85.0 65.0 85.0 65.0 650 85.0 65.0 650 85.0 65.0 85.0 85.0 65.0
Space mean speed (mph) 528 616 539 552 535 604 515 533 55.6 524 810 56.9 56.1 56.1 555 544
Segment density (vehimiflane) 4138 358 402 395 407 36.1 351 393 399 423 364 359 371 371 387 395 39.6 veh/mifin
Segment capacity (vph) 8,810 8810 8,810 8,810 8810 8910 8,910 8,810 8910 8,910 8,810 8,810 8810 8910 8,810 8810
Segment demand (vph) 8828 8829 88661 8908 88908 8908 8245 8,897 9208 9208 9208 8475 8,625 8625 8,800 8,800
Segment volume served (vph) 8828 8829 88661 8716 8716 8716 8088 8393 83875 8,875 8,875 8,168 8318 8318 8593 8583
dlc ratio 089 0.99 087 1.00 1.00 1.00 083 088 1.03 1.03 1.03 085 087 087 1.00 1.00
vic ratio 089 0.99 087 088 0.88 0398 081 084 1.00 1.00 1.00 082 083 083 088 0.96
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 247 0 0 0 453 512 0 0 0 1 0 275 0
On-Ramp volume served (vph) 0 0 0 55 0 0 0 325 482 0 0 0 15 0 275 0
On Ramp delay (veh-hrs) 192 40 a7 i 0.0
On-Ramp queue length (ft) 3,021 1,078 865
On-Ramp capacity (vph) 2,100 1,800 2,100 2100 2,100
Off- Ramp demand (vph) 0 187 0 0 0 664 0 0 0 0 735 0 0 0 0 0
Off-Ramp volume served (vph) 0 187 0 0 0 848 0 0 0 0 708 0 0 0 0 0
Off-Ramp capacity (vph) 2100 3,800 2,100
Ramp-to-Ramp demand {vph)
Travel time per vehicle (min) 270 0.28 0.57 0.3 015 0z7 0.37 0.3z 020 0.1 0.18 0.3 013 017 014 0.54 6.75 min
Free-flow travel time (min}) 219 0.26 0.48 026 01z 025 0.33 0.26 017 0.09 017 027 01z 0.15 012 0.45 5.68 min
Freeway mainline delay (min) 051 0.01 0.10 0.05 0.03 0.0z 0.04 0.06 0.03 0.02 0.01 0.04 0.0z 0.0z 0.02 0.09 1.06 min
System delay— includes on-ramps (min) 0.51 0.01 0.10 84.05 0.03 0.02 0.04 3.01 1.50 0.02 0.01 0.04 0.02 0.02 0.02 0.09 89.88 min
VMTD Veh-miles [ interval (Demand) 52379 6270 1,1163 6327 2931 6018 730.0 6177 4360 2180 4360 630.0 2695 3430 2781 1,080.9 13,548 veh-mi
VMTV Veh-miles | interval (Volume served) 52379 6270 11163 6191 2868 5888 T144 5961 4202 z1041 4202 6072 2589 3308 2685 10436 13,347 veh-mi
VHT travel / interval (hrs) §9.25 1047 2071 11.21 876 1243 117 7.56 4.0 6.89 1066 463 5.90 484 1920 24375 hrs
VHD delay finterval (hrs) 18.67 0.53 353 2083 070 1.44 6.00 4.84 0.77 0.42 132 0.64 0.8 314 65.41 hrs.
‘Space mean speed = VMTV i VHT (mph) 528 616 539 55.2 60.4 533 55.6 52.4 1.0 56.9 56.1 56.1 5.5 S4.4 54.8 mph
‘Segment density (pcimillane)” 44.1 5 424 37 3.3 415 9.9 446 398 T8 83 391 322 4“7 41.7 pcimifin
Density-based LOS on segment E E E D D E D E E E D E D E E
Demand-based LOS on segment F F F
Travel Time Index (TTI) 123 1.08 121 118 121 1.08 113 122 117 124 1.07 114 1.16 118 117 120 118
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
Analysis Period 10:
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE: |1-560 WB
SEGMENT HUMBER :| 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER 1 2 3 4 s ] 7 3 9 10 1 12 13 14 15 16
SEGMENT LABEL ;| s01 502 503 S04 505 S06 S07 S08 509 S10 s 512 513 514 515 516
Input or estimated segment type (B,W, ONR,OFRR) | OFR B ONR B OFR B ONR  ONR B OFR B ONR B ONR ]
Segment Length (ft) 1,500 2722 1,500 895 1,427 1870 1,500 1,000 500 1,000 1,570 660 240 660 2,565 €.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 B850 685.0 85.0 85.0 65.0 85.0 685.0 650 65.0 65.0 B850 5.0 85.0 685.0
Space mean speed (mph) 52.5 618 538 55.1 532 60.3 57.5 52.5 55.6 s2.4 61.0 57.0 56.1 559 504 53.8
Segment density (vehimillane) 422 36.0 408 387 412 364 350 394 40.0 424 36.4 358 372 373 381 402 38.8 veh/mifin
Segment capacity (vph) 8,910 8910 8,810 8310 8,810 8,910 8810 8810 8910 8,810 8,910 8910 8,810 8910 8910 8,810
Segment demand (vph) 8885 &885 8700 8962 8962 80962 8238 8763 9354 0354 0354 8593 8779 8779 9,099 9,00
Segment volume served (vph) 885 8885 8709 8764 @784 8764 8059 2437 8382 8882 g8E2 &161 8,346 8346 8666 5,666
dic ratio 0.89 089 0.98 1.01 1.01 1.01 0.8z 088 1.05 1.05 1.05 0.9 0.93 0.99 1.02 1.02
vic ratio 0.89 089 0.98 0.98 098 098 0.90 085 1.00 1.00 1.00 092 0.94 0.94 087 0.87
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 253 0 0 0 525 581 0 0 0 185 0 320 0
On-Ramp volume served (vph) 0 0 0 55 0 0 0 3719 445 0 0 0 185 0 320 0
On Ramp delay (veh-hrs) 314 128 93 0.0 0.0
On-Ramp queue length (ft) 2505 2386 1,935
On-Ramp capacity (vph} 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 156 0 ] 0 724 ] 0 0 0 761 0 0 ] 0 0
Off-Ramp volume served (vph) 0 156 ] 0 0 705 0 0 ] ] 722 0 ] 0 0 ]
Off-Ramp capacity (vph) 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min} 27 028 0.58 0.31 0.15 0zr 0.37 032 0.20 0.11 0.19 0.3 0.13 017 0.14 0.54 .77 min
Free-flow travel time (min) 219 026 0.48 0.26 012 025 0.33 026 017 0.08 017 027 012 0.15 012 0.45 5.69 min
Freeway mainline delay (min) 0.52 0.01 0.10 0.05 003 0.02 0.04 0.068 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.08 1.08 min
System delay— includes on-ramps (min) 0.52 0.01 010 13727 003 0.02 0.04 8.0 5.02 0.02 0.01 0.04 0.02 0.02 0.02 0.08 151.25 min
VMTD Veh-miles / interval (Demand) 52583 6298 11224 B385 20545 8055 7294 G224 4425 2215 4425 8388 2743 3482 2343 11051 13,859 veh-mi
VMTV Veh-miles / interval (Volume served) £280.3 8208 11224 8224 2384 5924 7135 5993 4208 2103 4206 6086 2608 3319 270.8 10525 13,401 veh-mi
VHT travel / interval (hrs) 10014 10.22 2094 1129 542 983 1240 1120 75T 4.01 690 1065 485 5.94 439 1954 245.57 hrs
VHD delay finterval (hrs) 19.22 053 368 3316 098 0Tz 142 453 1035 0.78 0.43 1.3 0.64 0.83 072 3.34 9266 hrs
Space mean speed = VMTV | VHT (mph) 52.5 616 536 55.1 532 60.3 57.5 535 55.6 524 61.0 57.0 56.1 559 55.4 53.9 546 mph
Segment density (pcimillane)* 44.5 356 428 4.1 434 321 L) 414 30.0 447 389 kIE:] 2886 394 28 424 42.0 poimiin
Density-based LOS on segment E E E 1} E D E E D E E E D E D E E
Demand-based LOS on segment F F F F F F F F
Travel Time Index (TTI) 1.24 108 1.21 118 122 1.08 113 1.21 117 1.24 1.07 1.14 1.18 118 117 1.21 119

* For Merge and Diverge Segments this Density is only for Ramp Influsnce Area!
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Analysis Period 11:

—
l Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|1-580 WB
SEGMENT NUMBER ;| 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER :| 1 2 3 4 5 [} 7 8 El 10 " 12 13 14 15 16
SEGMENT LABEL:| 501 502 503 504 505 506 507 508 509 510 511 512 513 514 515 516
Input or estimated segment type (B,W, ONR,OFR,R} B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12530 1,500 2722 1,500 695 1,427 1870 1,500 1,000 500 1,000 1570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 523 618 53.3 55.0 529 60.1 57.6 545 558 525 61.0 571 56.0 558 55.3 535
Segment density (vehimiflane) 428 361 411 400 418 36.6 34.9 395 399 422 36.4 356 37.3 374 39.5 408 40.1 veh/milln
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8,910 8910 8910
Segment demand (vph) 8,901 8,901 8757 9017 9017 9,017 8233 8830 9501 9,501 9,501 8714 8936 8,936 9302 9302
Segment volume served (vph) 8,901 8,901 8757 8812 8812 8812 8,043 8601 8,868 8868 8868 8136 8357 8,357 8723 8723
dic ratio 1.00 1.00 0.98 1.01 101 1.01 0.92 089 107 1.07 1.07 088 1.00 1.00 1.04 104
vic ratio 1.00 1.00 0.98 089 099 099 0.90 087 1.00 1.00 1.00 081 094 094 0.98 088
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 261 0 0 0 597 671 0 0 0 222 0 366 0
On-Ramp volume served (vph) 0 0 0 55 0 0 0 552 268 0 0 0 222 0 366 0
On Ramp delay (veh-hrs) 441 185 264 0.0 0.0
On-Ramp queue length (ft) 6,044 3000 5073
On-Ramp capacity (vph) 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 144 0 0 0 784 0 0 0 0 787 0 0 0 0 0
Off-Ramp volume served (vph) 0 144 0 0 0 763 0 0 0 0 733 0 0 0 0
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 272 028 058 031 0.15 027 0.37 031 020 01 0.19 031 013 017 0.14 054 6.79 min
Free-flow travel time (min) 218 026 048 026 012 025 033 026 017 0.09 017 027 012 015 012 045 569 min
Freeway mainline delay (min) 053 0.01 0.10 005 003 002 0.04 005 003 002 0.01 0.04 002 002 0.02 010 1.10 min
System delay-- includes on-ramps (min} 053 0.01 010 19238 003 002 0.04 810 2374 002 0.01 0.04 002 002 0.02 010 22519 min
VMTD Veh-miles / interval {Demand) 52806 6322 11286 6404 2067 G093 7290 6271 4488 2249 4498 6478 2792 3554 2007 11297 13,771 veh-mi
VMTV Veh-miles / interval (Volume served) 52806 @322 11286 6258 2000 5854 7127 6108 4198 2100 4199 6048 2612 3324 2726 10594 13,458 veh-mi
VHT travel | interval (hrs) 10103 1026 2119 1137 548 9.90 1237 1122 7.55 4.00 6.89 1059 468 5.95 493 19.80 247.20 hrs
VHD delay finterval (hrs) 19.79 0.53 382 4582 1.02 0.74 141 2033 2754 077 0.43 1.29 0.64 0.84 0.74 350 129.21 hrs
Space mean speed = VMTV | VHT (mph) 523 618 53.3 55.0 529 80.1 57.6 545 558 525 61.0 571 56.0 558 55.3 535 54.4 mph
Segment density (pc/miflane)* 449 357 43.4 345 439 328 36.9 4.7 299 44.68 399 376 286 395 332 430 42.3 pcimiln
Density-based LOS on segment E E E n] E D E E D E E E D E o] E E
Demand-based LOS on segment F F F F F F F F F F
Travel Time Index (TTI) 124 105 122 118 123 108 113 119 117 124 1.07 114 116 116 118 122 118
= For Merge and Diverge Segments this Density is only for Ramp Influence Areal

Analysis Period 12:

Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 [
FREEWAY SYSTEM TITLE:(1-560 WB
SEGMENT NUMBER : 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SECTIOH NUMBER : 1 2 3 4 5 [} 7 8 9 10 1 12 13 14 15 18
SEGMENT LABEL ;| 501 s02 503 S04 505 508 s07 S06 09 510 S 512 513 514 518 S16

Input or estimated segment type (B, ONR,OFR,R) | B! OFR B  ONR 8  OFR B ONR  ONR 8 OFR B ONR B ONR B
Segment Length (ft) 12,530 1,500 2722 1500 695 1427 1,870 1,500 1,000 500 1,000 1,570 660 840 660 2585 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 85.0 85.0 85.0 65.0 85.0 85.0 85.0 85.0 65.0 85.0 85.0
Space mean speed (mph) 538 81.8 547 543 0.2 59.0 556 52.9 1.0 56.1 56.1 553
Segment density (veh/millane) 403 3581 390 387 395 3BT 33.0 382 416 36.1 370 37.0 394 38.6 veh/milin
‘Segment capacity (vph) 8910 8910 8910 8910 @&910 &510 8910 83510 8810 8910 8910 8910 8910
‘Segment demand (vph) 8672 8672 6539 8806 8806 6806 7962 8,631 9,381 9,381 9,381 8560 8826 80826 9237 9237
Segment volume served (vph) 8672 8672 8538 8584 G594 8584 TF77 8505 8806 G8,808 8808 8052 82308 8308 G720 8720
dlc ratio 0.87 0.87 0.95 0.89 0.e8 0.8% 0.89 o7 1.08 1.08 1.05 098 0.99 089 1.04 1.04
vic ratio 087 087 058 0.86 098 0.96 087 085 0.89 0398 0.899 0.30 083 083 088 0.88
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
0On-Ramp demand (vph) o 0 0 287 0 o 0 669 750 0 o 0 257 0 411 0
On-Ramp volume served (vph) o 0 0 55 0 o 0 728 303 0 o 0 257 0 411 0
On Ramp delay (veh-hrs) 571 181 530 0.0 0.0
On-Ramp queue length (ft) 7,630 2684 gg32
On-Ramp capacity (vph} 2,100 1,900 2,100 2100 2,100
Off- Ramp demand (vph) ] 133 0 0 0 845 0 0 0 0 812 0 0 0 0 0
Off-Ramp volume served (vph) 0 133 ] 0 ] 87 0 ] 0 ] 756 0 0 0 ]
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) z64 028 0.57 0.31 0.15 0.27 036 0.3 0.20 0.1 0.19 0.3 0.13 017 0.14 0.54 6.67 min
Free-flow travel time (min) z19 026 0.48 0.26 012 0.25 033 0.26 017 0.08 017 0z7 012 0.15 0.1z 0.45 5.68 min
Freeway mainline delay (min) 0.45 001 0.08 0.05 0.0z 0.0z 0.03 0.04 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.10 0.98 min
System delay— includes on-ramps (min) 0.45 om 0.08 249.35 0.02 0.02 0.03 598 4203 0.02 0.01 0.04 0.02 0.02 0.02 .10 298.24 min
VMTD Veh-miles | interval (Demand) 51448 6159 11006 6255 289.8 5950 7049 6130 4442 2721 4442 6370 2758 3510 28T 11218 13,474 veh-mi
VMTV Veh-miles / interval (Volume served) 51448 6158 11006 6104 2828 5807 6886 6041 4171 2085 4171 5886 2587 3305 2725 10581 13,181 veh-mi
VHT travel / interval (hrs) 95.56 887 2012 1101 520 984 1187 1088 7.48 384 684 1040 483 589 493 1979 237.95 hrs
VHD delay finterval (hrs) 16.41 0.50 318 5875 085 071 108 1962 5410 073 0.42 118 083 0.80 074 3.50 163.23 hrs
Space mean speed = VMTV / VHT (mph) 538 8138 547 555 543 802 59.0 556 557 529 81.0 576 56.1 581 553 535 55.4 mph
Segment density (pc/millane)* 425 347 492 327 a7 Mz 3438 303 294 439 398 369 282 391 332 430 40.7 pc/mifln
Density-based LOS on segment E D E D E D D D D E E E D E D E E
Demand-based LOS on segment F F F F F
Travel Time Index (TTI) 1.21 1.05 1.18 147 1.20 1.08 1.10 117 147 1.23 1.07 1.13 1.16 118 1.18 1.21 117
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
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Analysis Period 13:

—
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|1-580 WB
SEGMENT NUMBER ;| 1 2 3 4 5 ] T 8 9 10 11 12 13 14 15 16
SECTION NUMBER 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL | S04 502 S03 S04 S05 S08 S07 S08 509 s10 S S12 S13 S14 515 S18
Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR ]
Segment Length (ft) 12,530 1,500 2722 1500 695 1,427 1870 1,500 1,000 500 1,000 1,570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 650 65.0 650 65.0 650 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 545 81.8 553 556 549 80.2 595 55.8 557 5238 0.9 57.6 58.1 56.1 55.3 53.6
Segment density (veh/mi/lane) 393 347 382 382 387 353 322 376 396 4“7 362 35.0 370 370 384 406 38.0 vehimifin
‘Segment capacity (vph) %10 8910 8910 8910 6910 8910 6&S910 8910 8910 8910 &510 8910 8910 8§90 8910 8910
Segment demand (vph) 8572 8572 8445 8T 8721 8721 7,861 8,508 9,266 9,268 9268 457 8712 8712 8115 9115
Segment volume served (vph) 8572 8572 8445 8,500 8,500 8,500 7,865 8,385 8821 8,821 8,821 3 8307 8307 &T0 8710
dic ratio 088 0.86 085 0.88 088 088 0.88 085 1.04 104 1.04 0.88 088 1.02 1.02
vic ratio 096 0.96 0.95 0.95 0.95 095 0.88 094 0.99 0.99 0.99 0.50 0.93 093 0.98 098
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) o 0 o 276 o 0 o 848 759 0 o o 255 o 403 o
On-Ramp volume served (vph) ] 0 ] 55 ] 0 ] 720 436 0 0 ] 255 ] 403 ]
On Ramp delay (veh-hrs) 707 139 7741 0.0 0.0
On-Ramp queue length (ft) 9,280 1,927 12150
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 127 0 0 0 860 0 0 o 0 811 0 o 0 0 0
Off-Ramp volume served (vph) ] 127 ] 0 ] 835 ] 0 0 0 770 ] 0 ] 0
Ofi-Ramp capacity (vph)
Ramp-ta-Ramp demand {vph)
Travel time per vehicle (min) 281 0.28 0.58 0.31 0.14 027 0.38 0.20 011 0.19 0.3 013 017 0.14 054 6.62 min
Free-flow travel time (min) 2139 0.26 048 0.26 012 025 033 017 0.09 017 027 012 0.15 012 045 5.89 min
Freeway mainline delay (min} 0.4z 0.01 0.08 0.04 0.0z 0.02 0.03 0.03 0.02 0.01 0.04 0.0z 0.0z 0.02 0.10 0.83 min
System delay-- includes on-ramps (min) 0.42 0.01 0.08 308.37 0.02 0.02 0.03 42.44 0.02 0.01 0.04 0.02 0.02 0.02 0.10 356.31 min
VMTD Veh-miles | interval (Demand) 50857 6088 10884 6184 2870 5892 6960 4388 2194 4388 6286 2723 3465 2848 1,107.0 13,315 veh-mi
VMTV Veh-miles / interval (Volume served) 50857 608.8 10884 6037 2797 5743 6787 4177 2088 4177 5985 2596 3304 2722 1057.8 13,077 weh-mi
VHT travel / interval (hrs) 9333 9.85 1868 10.86 5.08 953 1140 750 385 6.85 1038 463 5.89 482 1974 23430 hrs
VHD delay finterval (hrs) 15.09 0.48 284  T2Z3 078 070 0.96 7817 074 0.43 1.18 0.63 0.80 0.73 347 194.80 hrs
Space mean speed = VMTV / VHT (mph) 545 818 553 556 549 802 595 857 528 609 57.6 56.1 56.1 553 53.6 55.8 mph
Segment density (pc/millane)* 41.5 M3 403 3.9 408 30.5 340 285 44.0 iR 36.9 282 39.0 331 428 40.1 po/mifin
Density-based LOS on segment E D E D E D D D E E E D E D E E
Demand-based LOS on segment F F F F F
Travel Time Index (TTI) 118 1.05 1.18 117 1.18 1.08 1.08 117 117 123 1.07 113 1.16 118 118 121 1.16
* For Merge and Diverge Segments this Density is only for Ramp Influence Area?
Analysis Period 14:
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|I-680 WB
SEGMENT HUMBER : 1 2 3 4 5 & 7 g 9 10 11 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16
SEGMENT LABEL:| s01 S02 503 504 S05 S06 507 S08 S09 S10 s11 s12 S13 S14 515 516
Input or estimated segment type (B,W, ONR,OFR,R) | B_I OFR B ONR 8 OFR B ONR  ONR B OFR 8 ONR B ONR 8
Segment Length (ft) 12,530 1500 2722 1500 695 1,427 1,870 1,500 1,000 500 1,000 1,570 660 840 660 2,565 6.16 miles.
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 55.1 819 559 55.7 855 803 80.0 56.0 857 529 809 57.7 56.1 562 553 53.8
Segment density (vehimillane) 384 M2 T4 are T8 M9 3.5 36.2 39.5 a7 36.2 4.8 6.8 6.9 38.2 40.4 37.4 veh/miin
Segment capacity (vph) 8910 2910 2910 &910 8910 8910 8910 8910 3910 g%0 89fi0 8910 B910 390 &910 8510
Segment demand (vph) 8,474 2474 3351 8635 8635 8635 7,760 8388 9155 9155 9155 8345 8600 8600 8993 8993
Segment volume served (vph) 8474 8474 8351 8413 8413 8413 7585 8108 8813 8813 8813 8038 8291 8,291 8684 8,684
dic ratio 0.95 0.95 094 087 0.87 0.87 0.87 0.94 1.03 1.03 1.03 0.94 0.97 0.87 1.01 1.01
vic ratio 035 095 034 034 0.94 0.94 08s k)] 099 0.99 039 0.30 093 083 087 097
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 o 0 284 0 o 0 628 767 o 0 o 254 o 383 o
On-Ramp volume served (vph) ] 0 0 63 ] 0 0 543 705 0 0 ] 254 0 393 ]
On Ramp delay (veh-hrs) 845 143 891 0.0 0.0
On-Ramp queue length (ft) 10,867 2,541 14,360
On-Ramp capacity (vph) 2,100 1900 2100 2,100 2,100
Off- Ramp demand (vph) o 123 0 0 o 874 0 0 o o 810 0 o o 0 0
Off-Ramp volume served (vph) 0 123 0 0 0 849 0 0 0 ] T 0 0 ] 0
Ofi-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 258 0.28 0.55 0.3 0.14 0.27 0.35 0.30 0.20 0.11 0.19 0.3 0.13 017 0.14 0.54 6.58 min
Free-flow travel time (min) 218 0.26 048 026 0.12 0.25 033 026 017 0.08 017 027 0.12 0.15 012 045 5.68 min
Freeway mainline delay (min) 0.39 0.01 0.08 0.04 0.02 0.02 0.03 0.04 0.03 0.02 001 0.03 0.02 0.0z 0.02 0.09 0.89 min
System delay— includes on-ramps (min) 038 0.01 008 32328 0.02 0.02 003 636 3037 0.02 0.01 0.03 0.02 0.02 0.02 0.08 380.78 min
VMTD Veh-miles / interval (Demand) 50272 6018 10763 @133 2841 5634 88T 58957 4335 2167 4335 6204 2687 3420 281.0 1,0822 13,157 veh-mi
VMTV Veh-miles | interval (Volume served) 50272 6018 10763 5975 2769 5685 6698 5759 4173 2086 4173 5974 2591 3297 2714 10548 12,943 veh-mi
VHT travel / interval (hrs) 81.21 87z 1826 1073 489 943  1A7 1027 7.48 2.95 685 1036 462 5.86 480 1862 230.43 hrs.
VHD delay finterval (hrs) 13.87 0.47 27 25.00 0.73 0.68 088 1573 90.20 0.74 0.43 117 0.63 0.79 073 339 219.12 hrs.
Space mean speed = VMTV i VHT (mph) 55.1 6189 559 55.7 555 60.3 60.0 56.0 557 529 609 57.7 56.1 562 553 53.8 56.2 mph
Segment dengity (peimillane)* 408 339 39.4 31.2 40.0 298 333 271 293 44.0 39.9 36.8 281 389 329 428 39.4 peimifin
Density-based LOS on segment E ] E o E ] D c o E E E o E D E E
Demand-based LOS on segment F F F F F
Travel Time Index (TTI) 1.18 1.05 116 117 147 1.08 1.08 1.16 147 123 1.07 1.13 116 116 117 1.21 1.16

* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
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Analysis Period 15:

pr—
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE: |1-580 WB
SEGMENT HUMBER : 1 2 3 4 5 & 7 8 9 10 1 12 13 14 15 16
SECTION HUMBEI 2 3 4 5 (] 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL :| 501 s02 503 S04 508 506 S07 S08 508 10 11 512 513 514 518 518
Input or estimated segment type (B,W, ONR,0FR,R) B_I OFR B ONR B OFR B ONR  ONR B OFR 8  ONR B ONR B
Segment Length (ft) 12,530 1500 2722 1500 895 1,427 1870 1500 1,000 500 1,000 1570 860 240 680 2,585 618 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 557 620 56.4 556 551 60.2 59.8 558 5T 526 60.9 57.5 6.1 56.1 55.3 537
Segment density (veh/millane) 376 338 366 381 385 352 n7 3638 397 420 363 35.0 371 371 393 405 37.1 vehimifin
Segment capacity (vph) 8,910 8,910 8310 8910 8,910 8910 8,910 8,310 8910 8910 8910 8,910 8,910 8310 8910 8,910
Segment demand (vph) 8,374 8374 3256 2540 5549 8540 TEE0 3286 9,041 9,041 9,041 8233 5486 3436 88Tl 8871
Segment volume served (vph) 8374 B374 8256 B4TS 84T 8475 TS508 6233 8847 8647 60847 G060 8313 8313 8695 6698
dlc ratio 094 0.94 0.83 0.96 086 098 0.88 0.83 1.01 101 101 ne2 0.895 0.95 1.00 1.00
vic ratio 084 0.94 083 085 085 085 0.85 082 0.99 089 088 0.30 083 083 0.88 088
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 ] 293 0 0 0 606 775 0 0 0 253 ] 385 0
On-Ramp volume served (vph) ] ] 0 219 0 0 ] 635 614 0 0 ] 253 0 385 0
On Ramp delay (veh-hrs) 937 16.0 96.1 0.0 0.0
On-Ramp queue length (ft) 12,229 2,380 15266
On-Ramp capacity {vph) 2,100 1800 2100 2100 2,100
Off- Ramp demand (vph) o 118 o 0 0 889 o o o 0 808 o o o 0 0
Off-Ramp volume served (vph) 0 1128 ] 0 0 878 0 0 ] 0 788 0 0 ] 0
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 258 028 0.55 0.31 014 027 0.38 0.30 0.20 011 019 0.3 0.13 0T 0.14 054 6.55 min
Free-flow travel time (min) 219 0.26 0.48 0.26 012 025 0.33 0.26 017 0.09 017 0z7 012 015 0.12 0.45 5.69 min
Freeway mainline delay (min) 0.36 0.01 0.07 0.04 0.02 0.02 0.03 0.04 0.03 0.02 om 0.04 0.02 0.02 0.02 0.08 0.86 min
System delay— includes on-ramps (min) 038 0.01 007 10271 0.02 0.02 0.03 610 3757 0.02 0.01 0.04 0.02 0.02 0.02 0.08 14713 min
VMTD Veh-miles / interval (Demand) 4,968.1 5947 1,0841 8072 2813 5778 6782 5871 4281 2140 4281 8120 2652 3375 2772 10774 12,998 veh-mi
VMTV Veh-miles / interval (Volume served) 49881 5947 10841 6019 2789 5728 6727 5847 418% 2085 4189 5991 2598 3306 2718 10563 12,903 veh-mi
'VHT travel / interval (hrs) 89.15 960 1886 10.82 508 9.51 11.24  10.45 753 398 628 10.41 483 5.89 491 19.68 22862 hrs
'WVHD delay finterval (hrs) 1272 0.45 2.4% 9524 077 070 088 1748  971@ 076 043 1.20 0.63 0.81 0.73 343 23582 hrs
Space mean speed = VMTV | VHT (mph) 55.7 620 56.4 556 551 60.2 58.8 558 55T 526 60.9 57.5 6.1 56.1 55.3 537 56.4 mph
Segment density (pc/millane)* 39.6 335 386 316 408 305 335 281 296 443 401 36.9 282 381 33.0 427 39.1 pc/mifin
Density-based LOS on segment E o E D E D o o ] E E E o E D E E
Demand-based LOS on segment F F F
Travel Time Index (TTI) 117 1.05 118 147 118 1.08 1.08 118 147 123 1.07 113 116 1.16 147 121 1.15
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
Analysis Period 16:
—
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE: |1-580 W8
SEGMENT HUMBER :| 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER 1 z 3 4 s L] T 8 9 10 il 12 13 14 15 16
SEGMENT LABEL:| 501 502 503 S04 505 506 507 508 509 510 511 512 513 514 515 518
Input or estimated segment type (B,W, ONR,OFR,R) Bl ofR B ONR B OFR B ONR  ONR B OFR B ONR B ONR B
Segment Length (ft) 12,530 1,500 2722 1,500 695 1,427 1870 1,500 1,000 So0 1,000 1,570 660 240 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 56.9 621 55.9 56.3 60.3 607 56.2 559 535 61.0 58.2 6.2 56.8 555 54.5
Segment density (veh/millane)} w9 328 370 w7 343 0.4 354 8.0 40.8 he 341 3.4 36.0 385 393 35.7 veh/miin
Segment capacity (vph) 8910 8810 8810 8910 8910 8810 8810 8810 E910 80 8910 8810 8810 8910 8810
Segment demand (vph) 8,168 8,168 056 8357 8357 8357 7453 8,038 8381 8,821 8,821 8,015 8267 8267 8642 8642
Segment volume served (vph) 8168 B8/168 8056 8273 8273 8273 7384 7944 8729 8729 8729 7938 8190 8,180 8,565 8,565
dic ratio 0.82 092 0.80 094 0.84 094 0.84 0.30 0.99 089 0.99 0.80 083 083 087 087
vic ratio 0.92 092 0.50 033 0.93 033 0.83 089 0.98 038 0.98 089 092 052 098 096
Queue length at end of time interval (ff)
Estimated Denied Entry Queue Length (ft.) 0
0On-Ramp demand (vph) 0 0 0 30 o 0 o 585 783 0 o 0 252 0 375 0
On-Ramp volume served (vph) 0 ] 0 217 0 ] 0 560 785 0 0 0 252 0 37s 0
On Ramp delay (veh-hrs) 98.6 159 1011 0.0 0.0
On-Ramp queue length (ft) 12,888 2526 16574
On-Ramp capacity (vph) 2,100 1,900 2,100 2100 2,100
Ofi- Ramp demand (vph) 0 12 0 0 ] 904 ] 0 ] 0 807 0 0 0 0 0
Off-Ramp volume served (vph) 0 12 0 ] 0 839 0 0 0 0 791 0 ] 0 ]
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 250 0z7 0.54 0.3 0.14 0z7 0.35 0.30 0.20 011 0.19 031 0.13 017 0.14 053 6.45 min
Free-flow travel time (min) 219 026 0.48 026 0.1z 025 0.33 026 0T 0.09 0T 027 012 0.15 0.1z 0.45 5.68 min
Freeway mainline delay (min) 0.31 0.01 0.06 0.04 0.0z 0.0z 0.0z 0.04 0.03 0.02 0.01 0.03 0.02 0.02 0.02 0.09 0.77 min
System delay-- includes on-ramps (min) 0.31 0.01 0.06 108.99 0.0z 0.0z 0.0z 6.86 30.93 0.02 0.01 0.03 0.02 0.02 0.02 0.09 147.43 min
VMTD Veh-miles | interval (Demand) 4,846.1 580.1 1,038.3 5835 2750 5647 6599 5T0.8 4177 2088 4177 5858 2583 3288 2701 11,0486 12,675 veh-mi
VMTV Veh-miles / interval (Volume served) 4846.1 5801 10383 5876 2722 550.0 6538 5842 4133 2067 4133 5801 2558 3257 2677 10402 12,614 veh-mi
VHT travel ! interval (hrs) 8512 835  18.04 1052 4.83 827 1076 1005 740 387 678 1014 4.55 573 4.82 19.08 220.30 hrs.
VHD delay finterval (hrs) 10.57 042 207 10008 084 067 070 1727 10210 0898 0.42 1.08 062 072 070 307 241.81 hrs
Space mean speed = VMTV / VHT (mph) 56.9 621 5716 55.9 56.3 60.3 807 56.2 559 535 61.0 582 56.2 56.8 555 545 57.3 mph
Segment density (pcimi/lane)* 378 326 36.9 300 387 288 321 258 285 431 387 36.0 272 38.0 s 414 37.7 pcimifin
Density-based LOS on segment E o E o E o ] c ] E E E c E o E E
Demand-based LOS on segment
Travel Time Index (TTI) 1.14 1.058 113 1.16 1.15 1.08 107 1.16 116 122 107 112 116 1.14 117 1.19 1.13

= For Merge and Diverge Segments this Density is only for Ramp Influence Area!




Analysis Period 17:

Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|1-680 W8
SEGMENT NUMBER : 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 5 (] 7 8 ] 10 11 12 13 14 15 16
SEGMENT LABEL ;] SD1 S02 S03 S04 505 506 S07 S08 S08 s10 s11 512 S13 S14 515 516
Input or estimated segment type (B,W, ONR,0FR,R) B OFR B  ONR B OFR B ONR  ONR B OFR 8  ONR B ONR B
‘Segment Length (ft) 2,530 1,500 2722 1,500 685 1,427 1870 1500 1,000 500 1,000 1,570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 85.0 85.0 65.0 65.0 85.0 85.0 85.0 65.0 85.0 85.0 85.0 85.0 65.0 85.0 85.0 85.0
Space mean speed (mph) 576 621 581 559 56.4 60.3 60.8 56.2 558 532 609 58.0 56.2 56.6 555 54.4
Segment density (veh/millane) 35.0 324 342 370 366 342 30.4 35.0 393 4.2 36.0 344 366 383 386 39.4 35.3 veh/mifn
Segment capacity (vph) 8910 8,910 8,810 8810 8,910 8910 8,910 8,810 8310 8,910 8910 8,910 8,810 8310 8,910 8910
Segment demand (vph) 8053 8053 7944 8236 8236 8236 7357 7926 8687 8687 8687 7903 8148 8148 8513 8513
Segment volume served (vph) 8053 6053 7944 8264 8264 8264 TOT9 TBEGE 876G 8766 6768 7973 8218 8218 8583 6583
dic ratio 0.90 0.90 0.89 0.92 0.92 0.92 0.83 0.89 0.97 0.97 0.97 0.89 0.91 0.91 0.96 0.98
vic ratio 0.80 0.30 0.88 0.83 083 083 083 0.88 0.88 0.88 088 [E::) 082 082 0.86 086
Queue length at end of time interval {ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 293 0 0 0 568 781 0 0 0 245 (] 385 0
On-Ramp volume served (vph) 0 0 0 320 0 0 0 489 S00 0 0 0 245 o 385 0
On Ramp delay (veh-hrs) 1004 19.2 6T 0.0 0.0
On-Ramp queue length (ft) 13205 3163 16,090
0n-Ramp capacity (vph) 2,100 1800 2,100 2100 2,100
Ofi- Ramp demand {vph) 0 109 0 ] 0 879 0 0 ] 0 783 0 0 ] 0 0
Off-Ramp volume served (vph) 0 108 o o 0 884 0 o o 0 785 0 o o 0
Off-Ramp capacity (vph)
Ramp-to-Ramp demand {vph)
Travel time per vehicle (min) 247 0z7 0.53 0.30 0.14 027 035 0.30 0.20 0.1 0.19 0.3 0.13 017 0.14 054 6.42 min
Free-flow travel time (min) 219 028 048 026 012 025 033 028 017 0.09 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 028 0.0 0.06 0.04 0.02 002 0.0z 0.04 0.03 0.02 001 0.03 0.02 0.02 0.02 008 0.73 min
System delay-- includes on-ramps (min) 028 0.01 008 75.35 0.02 0.02 0.02 9.47 2881 0.02 oo 0.03 0.02 0.02 0.02 0.09 111.25 min
VMTD Veh-miles / interval (Demand) 47775 5718 10238 5850 2710 5565 6514 5628 4113 2057 4113 5875 2546 3241 266.0 1,0339 12,484 veh-mi
VMTV Veh-miles | interval (Volume served) 47776 5719 10238 5869 2719 5583 6534 5588 4151 2076 4151 5927 2568 3268 2882 10423 12,527 veh-mi
VHT travel | interval (hrs) 8289 9.20 1761 10.50 482 925 1075 9.94 744 3.80 B8.81 1022 457 577 483 1915 21777 hrs
VHD delay finterval (hrs) 9.49 0.40 1.86 101.84 0.64 066 070 2053 9772 0.71 0.43 1.10 062 0.74 0.70 312 241.27 hrs
Space mean speed = VMTV / VHT (mph) 576 621 581 559 56.4 60.3 608 56.2 558 532 609 58.0 56.2 56.6 555 544 57.5 mph
Segment density (pc/milane)* 6.9 32z 6.0 298 8|7 288 32.0 252 288 432.5 39.9 36.3 ars 383 32.0 416 37.3 po/mifin
Density-based LOS on segment E o E ] E D o 4 ] E E E 4 E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 113 1.05 1.12 1.16 115 1.08 1.07 1.16 1.16 1.22 1.07 112 1.16 115 117 118 113
* For Merge and Diverge Segments this Density is only for Ramp Influencs Areal
Analysis Period 18:
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 [
FREEWAY SYSTEM TITLE: 1-580 WB
SEGMENT NUMBER 1 2 3 4 5 L] 7 8 9 10 " 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 5 (] 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL ;| s01 S02 503 504 505 506 507 S08 s09 510 s1 $12 S13 S14 515 516
Input or estimated segment type (B,W, ONR,0FR,R) Bl oFr B ONR B OFR B ONR  ONR 8 OFR 8 ONR B ONR B
Segment Length (ft) 12530 1,500 2722 1,500 895 1,427 1870 1,500 1,000 500 1,000 1570 680 240 680 2,565 8.18 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 85.0 65.0 65.0 65.0 65.0 65.0 65.0 65, 65.0 65.0 65.0 65.0 85.0
Space mean speed (mph) 587 623 582 55.8 55.8 60.3 604 56.1 55.9 534 610 581 56.2 56.9 556 547
Segment density (veh/miilane) 333 31.4 328 375 375 347 30,9 355 39.0 408 358 342 354 38.0 324 39.0 34.6 veh/mifin
Segment capacity (vph) 8810 8,810 8,910 8,810 8,810 8910 8910 8,810 8,810 8,810 8,810 8,810 8810 8,810 8,810 8,810
Segment demand (vph) 7831 7,831 7725 8,009 8009 G009 T,S7T V708 G447 G447 8447 TEET TS25 TE25 82T 8279
Segment volume served (vph) 7,831 7,831 7725 8383 8383 8383 7473 7972 8730 8,730 8,730 7944 8181 8,181 8535 8535
dlc ratio 0.88 0.88 0.87 0.80 0.80 0.80 0.80 0.87 095 0.95 0.95 0.86 0.89 0.89 0.93 0.93
vic ratio 0.88 0.88 0.87 0.84 084 084 0384 088 0398 088 0.98 0.89 092 082 0.86 0.96
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 ] ] 284 0 0 0 551 739 0 0 0 237 ] 354 0
On-Ramp volume served (vph) 0 0 0 636 0 0 0 439 758 ] ] ] 237 0 354 0
On Ramp delay (veh-hrs) 885 233 917 0.0 0.0
On-Ramp queue length (ft) 11,815 3657 14731
On-Ramp capacity (vph) 2,100 1500 2100 2100 2100
Off- Ramp demand (vph) 0 106 ] 0 0 852 0 0 0 0 760 0 0 ] ] 0
Off-Ramp volume served (vph) ] 106 o 0 0 880 0 0 o o 786 0 ] o o
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 242 027 0.52 031 014 027 035 0.30 020 on 019 0.31 013 017 013 053 8.36 min
Free-flow travel time (min) z19 0.26 0.48 0.26 012 025 033 026 017 0.08 017 0.27 012 0.15 0.1z 0.45 5.69 min
Freeway mainline delay (min) 023 0.01 0.0 0.04 0.02 0.02 003 0.04 003 0.02 0.01 0.03 0.02 0.02 0.02 0.08 0.88 min
System delay-- includes on-ramps (min}) 0.23 0.01 0.05 3331 0.02 0.02 003 1125 2908 0.02 0.01 0.03 0.02 0.02 0.0z 0.08 74.20 min
VMTD Veh-miles / interval (Demand) 4,646 1 9957 5688 2636 5412 6337 5475 4000 2000 4000 5714 2476 3152 2587 10054 12,151 veh-mi
VMTV Veh-miles | interval (Volume served) 48481 5562 9957 5040 2752 5851 8B1.7 5862 4134 2087 4134 5905 2557 3254 2867 103886 12,388 veh-mi
'VHT travel / interval (hrs) 7912 16.81 10.65 483 938 1086 1008 740 3.67 67s 10,16 4.55 572 480 18.84 213.08 hrs.
'VHD delay finterval (hrs) 784 0.38 149 8996 070 088 078 2488 9277 063 042 1.07 081 072 0.89 299 226.29 hrs.
Space mean speed = VMTV / VHT (mph} 8T 62.3 58.2 55.8 55.8 60.3 60.4 56.1 55.9 534 1.0 56.1 56.2 6.9 556 547 58.0 mph
Segment density (pc/mi/lane)* 352 313 344 305 395 296 326 261 286 431 387 360 272 380 3T 411 36.5 pcimifin
Density-based LOS on segment E D D D E D D c D E E E c E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 111 1.04 110 117 117 1.08 1.08 1.18 1.16 122 1.07 1.12 1.16 114 117 119 112
* For Merge and Diverge Segments this Density is only for Eamp Influence Area!
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Analysis Period 19:

Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|1-580 WB
SEGMENT NUMBER :| 1 2 3 4 5 & 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER:| 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SEGMENT LABEL:| s01 502 S03 504 S05 S06 S07 S08 s08 S10 s11 S12 513 S14 515 S16
Input or estimated segment type (B,W, ONR,OFR,R) OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR ]
Segment Length (ft) 1,500 2722 1,500 695 1,427 1870 1,500 1,000 500 1,000 1570 660 240 660 5 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 85. 85.0 85, B85.0 65.0 85.0 650 65.0 650 85. 85.0 65.0 B85.0 65.0 85.0 650
Space mean speed (mph) 58.0 62.3 59.5 557 556 80.3 60.2 56.1 559 53.5 &81.0 58.1 56.2 6.9 556 548
Segment density (veh/mi/lane) 329 N2 322 376 377 348 nz 358 39.0 408 35.8 342 36.4 36.0 383 389 34.4 vehimifin
Segment capacity (vph) 810 &g%i0 8910 &80 8810 8910 &8I0 8%0 &80 E%10 &0 8910 &80 8810 8910 88910
Segment demand (vph) 7768 7768 7666 7942 7842 7842 TF115 7,650 8,367 8367 8367 7629 7,860 7,860 8,203 8203
Segment volume served (vph) 7789 7789 7666 380 8389 8380 7512 8039 g§723 @g7V23 g§7I3 TO4E E179 8179 8523 §523
dlc ratio 0.87 0.87 0.86 088 0.89 088 0.80 0.86 084 0.84 084 0.86 088 0.88 082 082
vic ratio 0.87 087 0.36 054 0.94 094 0.34 0.80 0.98 0.98 098 0.39 092 052 0.96 0.95
Queue length at end of time interval (f)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 o o 276 o 0 o 535 7 0 o o 23 o 343 o
On-Ramp volume served (vph) 0 ] 0 723 0 0 ] 526 684 0 ] 0 23 0 43 ]
On Ramp delay (veh-hrs) 63.4 252 9232 0.0 0.0
On-Ramp queue length (ft) 7,864 3,783 14,541
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 103 o 0 o 827 0 0 0 0 738 o 0 o 0 0
Off-Ramp volume served (vph) 0 103 ] 0 ] 878 0 0 0 0 774 ] 0 ] 0
Off Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 24 027 052 031 014 027 035 0.30 020 o1 013 031 013 017 013 053 6.35 min
Free-flow travel time (min) 219 026 048 026 01z 0.25 0.33 0.26 017 0.09 017 0.27 012 0.15 012 0.45 5.69 min
Freeway mainline delay (min) 022 om 0.04 004 0.02 002 003 0.04 003 0.02 om 0.03 0.02 0.02 002 0.08 0.86 min
System delay—- includes on-ramps (min) 0.22 0.01 004 2110 0.0z 0.02 0.03 1155 3236 0.02 0.01 0.03 0.02 0.0z 0.02 0.08 65.56 min
VMTD Veh-miles { interval (Demand) 4,609.0 5518 9880 5840 2613 5366 6200 5433 3061 1981 3061 5671 2456 3126 2564 9063 12,082 veh-mi
VMTV Veh-miles / interval (Volume served) 4608.0 5518 9880 5858 276.0 5668 6652 5709 4130 2065 413.0 5908 2556 3253 2663 10351 12,329 veh-mi
VHT travel / interval (hrs) 78.08 88 1880 1089 458 941 1105 1048 7.39 3.86 877 1047 455 572 479 1889 211.94 hrs
VHD delay finterval (hrs) 717 037 140 6484 071 0898 0.81 2662 9319 0.68 042 1.08 061 072 0898 296 203.06 hrs
Space mean speed = VMTV / VHT (mph) 59.0 62.3 595 55.7 556 0.3 60.2 55.1 55.9 53.5 &1.0 58.1 56.2 56.9 556 548 58.2 mph
Segment density (pcimi/lane)* 347 310 340 307 398 288 329 266 285 430 396 36.1 272 379 316 410 36.3 pc/mifin
Density-based LOS on segment D D D D E D D C D E E E c E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 110 1.04 1.09 117 117 108 1.08 116 1.18 121 1.07 112 118 1.14 117 118 112
Enrierge and Diverge Seomente thie Dencingie ool SorBamp nfience Area
Analysis Period 20:
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 I:
FREEWAY SYSTEM TITLE:(1-560 WB
SEGMENT NUMBER : 1 2 3 4 5 6 7 8 k] 10 11 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 5 [} 7 8 9 10 " 12 13 14 15 18
SEGMENT LABEL ;| s01 s02 503 S04 S05 506 s07 508 508 10 S 12 513 514 518 516
Input or estimated segment type (B,W, ONR,OFR,R) B_I OFR B ONR B OFR B ONR  ONR B OFR B ONR B ONR ]
Segment Length (ft) 12,530 500 2722 1500 685 1427 1,870 1,500 1,000 500 1,000 1,570 660 840 660 2565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) B50 650 B850 650 850 650 650 850 B850 650 650 650 650 B850  BS0 650
Space mean speed (mph) 607 625 611 560 571 605 612 582 562 546 611 589 563 578 559 553
Segment density (vehimiflane) 304 295 298 363 356 336 297 347 380 391 380 330 355 347 373 373 32.5 vehimiin
‘Segment capacity (vph) 8910 2910 8910 8910 @&910 2910 &9%10 8910 8910 &9%10 8910 8910 8&910 3910 &910 8910
Segment demand (vph) 7,387 7387 7287 7554 7554 7554 G753 7272 7965 7965 7965 7250 7474 T474  T806 7806
Segment volume served (vph) 7,387 7387 7288 8133 6133 8133 7272 7,809 8550 @550 8550 7787 G011 8011 8,342 8342
dlc ratio 0.83 0.83 n.ez 0.85 0.85 0.85 0.76 n.ez 0.89 088 0.88 0.81 084 0.84 [iR:) 0.88
vic ratio 0.83 0.83 n.ez 0.91 081 0.91 0.82 nes 0.96 088 0.96 0.87 0.80 0.20 084 0.94
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 266 0 0 0 518 693 0 0 0 224 0 332 0
On-Ramp volume served (vph) o 0 o 845 0 o 0 537 741 0 o 0 224 o 332 o
On Ramp delay (veh-hrs) 314 248 97 0.0 0.0
On-Ramp queue length (ft) 2244 3,641 14,475
On-Ramp capacity (vph} 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 100 0 ] 0 200 0 0 ] 0 714 0 0 ] 0 0
Off-Ramp volume served (vph) ] 100 ] 0 0 850 0 ] 0 0 763 0 ] 0 0
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 224 0.27 051 0.30 014 0.27 0.35 0.30 0.20 0.10 0.19 0.30 013 017 013 0.52 6.23 min
Free-flow travel time (min) 219 0.26 042 0.26 012 0.25 0.33 028 017 0.09 017 0.27 012 0.15 012 0.45 5.69 min
Freeway mainline delay (min) 0.15 0.01 0.03 0.04 0.02 0.02 0.02 0.04 0.03 0.02 0.01 0.03 0.02 0.02 0.02 0.07 0.54 min
System delay-- includes on-ramps (min) 0.15 0.01 0.03 .95 0.02 0.02 0.02 1118 2974 0.02 0.01 0.03 0.0z 0.0z 0.02 0.07 50.31 min
VMTD Veh-miles | interval (Demand) 43826 5247 9392 5385 2486 5104 5979 5164 37T 1866 3771 538.0 2336 2973 2439 9480 11,461 veh-mi
VMTV Veh-miles / interval (Volume served) 43826 5247 939.2 5776 2676 5485 6439 5546 4048 2024 4048 5789 2503 3186 2607 10132 11,873 veh-mi
VHT travel / interval (hrs) 72.18 839 1538 1031 468 908  10.52 9.88 7.21 370 6.63 9.82 444 5.81 467 1812 200.48 hrs
VHD delay finterval (hrs) 473 0.32 0% 3278 0.57 0.63 0.62 2626 9267 058 0.40 0.82 058 0.81 0E8 253 165.79 hrs
Space mean speed = VMTV / VHT (mph) 807 625 811 56.0 571 605 612 56.2 56.2 546 611 589 56.3 57.8 55.9 559 58.2 mph
Segment density (pcimiflane)* 321 295 34 285 375 275 313 247 271 413 388 348 258 36.6 301 383 34.3 pc/milin
Density-based LOS on segment o D o ] E c D c c E E D c E D E D
Demand-based LOS on segment
Travel Time Index (TTI) 1.07 1.04 1.08 116 1.14 1.07 1.06 1.16 116 1.19 1.06 1.10 1.18 11z 116 1.16 1.10
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
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Appendix D

Summary Outputor ALINEA Ramp Metered Example

IF:cityJ_ﬂul Summary
Title 1-580 WB
Number of ValidTime Intervals 20
Period Duration (min) 300 SECTION AND
PERIOD TOTALS
SEGMENT NUMBER 1 2 3 4 5 6 T B 9 10 1" 12 13 14 15 16 units
SEGMENT LABEL :| S01 502 S03 S04 S05 S06 507 508 S09 S10 S11 512 513 S14 515 516
[m«n or estimated segment type (B,W,ONR,OFR) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B

Segment length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1000 500 1000 1570 660 840 660 2565 6.16 miles.
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mifhr) 65 65 65 65 65 65 65 65 65 65 65 65 65 65 65 65
Maximum d/c ratio™ 1.00 1.00 098 1.01 1.01 101 093 099 107 1.07 107 098 1.00 1.00 104 1.04| Oversaturated
Time interval queueing begins
Travel time per vehicle (min) 259 028 056 031 015 027 037 03 020 on 019 on 013 017 013 053 6.5959 min
'VMTD Veh-miles (Demand) 1002398 120000 214572 121576 56330 115660 139594 118118 83714 41857 83714 121131 51977 66152 53676 208606| 259908 VMT
[VMTV Veh-miles (Volume) 1002399 120000 214572 121576 56330 115660 139594 118118 83034 41517 83034 120159 51568 65632 53268 207018 259348 VMT
IVHT travel (hrs) 18250 1939 3859 2196 1037 1914 2404 2123 1488 1 1360 2093 918 1163 959 3784 4626 8 VHT
VHD delay (hrs) 2829 93 558 1271 171 135 256 306 17888 143 a2 245 125 153 139 599 2,4992 VHD
Space mean speed = VMTV / VHT (mph) 5493 6189 5561 5537 5430 6042 5808 5564 5579 5314 6107 5740 5615 5644 5557 5471 56.1 mph
|Average density (vpmpl) 385 341 374 386 394 354 339 ar4 393 a2 359 352 367 365 383 389 375 veh/miin
Average density (pcpmpl) 406 360 395 408 416 374 358 394 415 435 379 371 388 386 405 411 39 6 pc/miin
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Analysis Period 1:

I Input Worksheet - Directional Freeway Facility STEP 1
FREEWAY SYSTEM TITLE:
SEGMENT NUMBER : 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER 2 3 4 5 i} 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL :| 502 S03 S04 205 S06 807 S08 £09 s10 11 812 813 514 815 816 —
Input or estimated segment type (B,W, ONR,OFR,R) OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR 8
Segment Length (ft} 1500 2722 1,500 695 1,427 1,870 1,500 1,000 500 1,000 1,570 660 240 660 2565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 650 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 650 65.0 65.0 65.0 650
Space mean speed (mph) 619 557 556 548 608 571 559 563 553 615 581 56.3 578 56.1 573
Segment density (veh/miflane) 342 376 383 389 350 357 37 375 382 344 342 356 347 362 354 37.0 veh/mifln
Segment capacity (vph) 910 8910 8910 8910 8910 8910 §910 8910 8910 8910 8910 8910 8910 §910 8910
Segment demand (vph) 8474 8379 8522 8522 8522 8143 8200 8450 8450 8450 70954 8013 8013 110 8110
Segment volume served (vph) 8474 8379 8522 8522 8522 8143 8290 8450 8450 8450 7954 8013 8013 8110 8110
dic ratio 095 094 096 096 096 091 093 0895 085 085 089 090 0890 091 091
Estimated Denied Entry Queue Length (ft)
On-Ramp demand (vph) 1] 0 143 0 0 0 147 160 0 0 0 58 0 oL} 0
On-Ramp capacity (vph) 2,100 1,900 2100 2,100 2100
Off- Ramp demand (vph) 94 1] 1] 0 379 0 0 1] 1] 496 0 0 0 0 1]
Off-Ramp capacity (vph) 2100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 028 056 031 014 027 037 031 020 010 018 0.31 013 017 013 051 6.55 min
Free-flow travel time {min) 028 0.48 0.26 0.12 0.25 0.33 026 017 0.09 017 0.27 0.12 0.15 012 0.45 5.69 min
Freeway mainline delay (min) 00 008 0.04 0.02 0.02 0.05 0.04 0.03 0.02 0.01 0.03 0.02 0.02 0.02 0.06 0.86 min
System delay-- includes on-ramps (min) 0.01 0.08 0.04 0.02 0.02 0.05 0.04 0.03 0.02 0.01 0.03 0.02 0.02 0.02 0.06 0.86 min
VMTD Veh-miles / interval (Demand) 6018 10799 6053 2804 5758 7210 5888 4001 2001 4001 5913 2504 3187 2534 9850 12,879 wveh-mi
VMTV Veh-miles / interval (Volume served) 6018 10799 6053 2804 5758 7210 5888 4001 2001 4001 5913 2504 3187 2534 9850 12,879 veh-mi
VHT travel / interval (hrs) 972 1939 1089 512 9.47 1263 1054 71 262 6.51 10.18 4.44 551 452  17.20 228.07 hrs
VHD delay /interval (hrs) 0.46 278 1.58 0.80 0.61 1.54 148 095 0.54 035 1.08 0.59 0.61 062 208 29.92 hrs
Space mean speed = VMTV | VHT (mph) 619 557 556 548 608 571 559 563 553 615 581 56.3 578 56.1 573 56.5 mph
Segment density (pcimillane)* 338 397 320 410 282 376 288 265 403 371 361 259 36.6 283 374 39.0 pcimifin
Density-based LOS on segment D E D E D E D C E E E Cc E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 105 117 117 119 1.07 114 116 115 118 1.06 112 115 112 116 114 115
* For Merge and Diverge Segments this Density is only for pence Areal
Analysis Period 2:
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 [
FREEWAY SYSTEM TITLE:|I-580 WB
SEGMENT HUMBER : 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SECTION HUMBER : 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL:| S01 802 503 504 505 806 807 808 509 310 311 812 813 514 315 816

Input or estimated segment type (B,W, ONR,OFR,R) I B! OFR B ONR B OFR. B ONR ONR B OFR. B ONR B ONR B
Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1,000 500 1,000 1570 660 840 660 2565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 548 619 554 555 545 608 56.8 558 56.3 55.0 614 579 56.3 576 56.0 570
Segment density (veh/miflane} 38.8 34.4 380 386 303 352 36.0 373 377 386 346 345 358 35.0 364 357 37.3 veh/mifn
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 £9M0 8910 8910 8910 8910 EM0O  BYI0 8910
Segment demand (vph) 8519 8519 8,424 8567 8567 8567 8185 8333 8,404 8404 8404 7006 8054 8054 8152 8152
Segment volume served (vph) 8519 8519 8424 8567 8567 8567 B185 68333 8494 8494 8484 7096 5054 8054 8152 8152
dic ratio 0.96 0.96 0.95 0.98 0.98 0.96 0.92 0.94 0.95 095 095 0.90 0.90 0.90 091 091
Estimated Denied Entry Queue Length (fit.) 0
On-Ramp demand (vph) o 0 0 143 0 o o 147 161 0 o o 58 0 99 o
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 95 0 0 0 382 0 0 0 0 498 0 0 0 0 0
Off-Ramp capacity (vph) 2,100 3,800 2100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 260 028 056 031 014 027 037 0.31 020 010 018 031 0.13 017 013 051 6.57 min
Free-flow travel time (min) 219 0.26 0.48 0.28 012 025 033 0.26 017 0.09 017 027 0.12 0.15 012 045 5.69 min
Freeway mainline delay (min) 041 0.1 0.08 0.04 0.02 0.02 0.05 0.04 0.03 0.02 001 0.03 0.02 0.02 0.02 0.08 0.88 min
System delay-- includes on-ramps (min) 041 0.01 008 004 002 002 005 0.04 003 002 0.01 003 0.02 002 002 0.06 0.88 min
VMTD Veh-miles / interval (Demand) 50543 6051 10857 6084 2819 5788 7247 5018 4022 2011 4022 5944 2517 3203 2548 9901 12,947 veh-mi
VMTV Veh-miles / interval (Volume served) 50543 6051 10857 6084 2818 5788 7247 5918 4022 2011 4022 5944 2517 3203 2548 9901 12,947 veh-mi
VHT travel / interval (hrs) 9218 978 1959 1098 517 952 1275 10.60 7.15 366 654 1027 4.47 5.56 455 17.36 230.12 hrs
VHD delay finterval (hrs) 14,42 0.47 2.89 1.60 083 062 1.60 1.50 0.98 0.58 036 113 0.60 0.64 063 213 30.93 hrs
Space mean speed = VMTV | VHT (mph) 548 619 554 555 545 608 56.8 558 56.3 55.0 614 57.9 56.3 576 56.0 57.0 56.3 mph
Segment density (pc/miflane)* 410 339 401 324 414 286 380 292 269 407 73 36.4 262 369 286 w7 39.4 po/mifn
Density-based LOS on segment E D E D E D E D c E E E c E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 119 1.05 117 117 119 107 114 1.16 116 118 106 112 1.15 113 116 114 1.16

* For Merge and Diverge Segments this Density is only for Ramp Influence Areal
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Analysis Period 3:

—
mnpnl Waorksheet - Directional Freeway Facility Release June 22nd, 2012
FREEVAY SYSTEM TITLE:|I-580 WB
SEGMENT HUMBER : 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION HUMBER : 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16

SEGMENT LABEL:| sS01 802 803 S04 805 806 807 s08 S09 810 811 812 813 514 815 3516

Input or estimated segment type (B,W, ONR,OFR,R} B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B

Segment Length (ft) 12530 1,500 2722 1500 G695 1427 1870 1500 1,000 500 1,000 1570 660 840 660 2,565 6.16 miles
Humber of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Free flow speed (mph) 650 650 650 650 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 650 650 650

Space mean speed (mph) 545 619 551 55.4 542 60.8 56.6 558 56.2 547 614 576 56.3 573 56.0 56.8

Segment density (veh/miilane) 393 346 364 3689 397 354 364 376 380 390 3438 349 360 353 366 361 37.7 vehimilin
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 5910 8910 8910 &910 8910 8910 8910

Segment demand (vph) 8565 8565 8469 8614 8614 BE14 8230 8378 8540 8540 8540 8039 8098 8098 8197 8197

Segment volume served (vph) 8565 8565 8469 8614 8614 8614 8230 8378 8540 8540 8,540 8,039 8,008 8,008 8,197 8,197

dic ratio 0.96 0.96 0.85 087 097 097 092 094 0.96 0.96 0.96 0.90 091 091 092 092

Estimated Denied Entry Queue Length (ft.) 0

On-Ramp demand {vph) 0 0 0 144 0 0 0 148 162 0 0 0 59 0 99 0

On-Ramp capacity (vph) 2,100 1900 2100 2,100 2,100

Off- Ramp demand (vph) 0 95 0 0 0 3e4 0 0 0 0 501 0 0 0 0 0

Off-Ramp capacity (vph) 2,100 3,300 2,100

Ramp-to-Ramp demand (vph)

Travel time per vehicle (min) 261 028 056 031 015 027 038 031 0.20 0.10 019 031 013 017 013 051 6.60 min
Free-flow travel time (min) 219 026 048 026 012 025 033 026 017 0.09 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 042 0.01 0.09 0.05 0.02 0.02 0.05 0.04 0.03 0.02 0.01 0.04 0.02 002 002 0.07 0.91 min
System delay--includes on-ramps (min) 042 001 009 005 002 002 005 004 0.03 0.02 0.01 0.04 002 002 002 007 0.91 min
VMTD Veh-miles / interval (Demand) 508132 6083 10916 6118 2834 5820 7287 5950 4044 2022 4044 5976 2531 3221 2562 9955 13,017 veh-mi
VMTV Veh-miles [ interval (Volume served) 50813 6083 10916 6118 2834 5820 7287 5950 4044 2022 4044 5976 2531 3221 2562 9955 13,017 veh-mi
VHT travel / interval (hrs) 9317 982 1980 1104 523 958 1288 1067 7.20 3.70 6.58 1037 4.50 5.62 457 1754 232,26 hrs
VHD delay finterval (hrs) 15.00 047 300 163 087 063 167 151 098 059 0.36 117 0.60 066 063 222 32.00 hrs
Space mean speed = VMTV / VHT (mph) 545 619 551 55.4 542 60.8 56.6 558 56.2 547 614 576 56.3 573 56.0 56.8 56.0 mph
Segment density (pc/miflane)* 414 341 405 328 419 290 364 296 273 412 375 368 266 373 290 381 39.8 pc/mifin
Density-based LOS on segment E [n] E [n] E [n] E [n] c E E E C E D E E
Demand-based LOS on segment

Travel Time Index (TTI) 118 105 118 117 120 107 115 117 1.16 1.19 1.06 113 115 113 116 115 116

* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
—

Analysis Period 4:

p— — —
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 |_
FREEWAY SYSTEM TITLE:|I-580 WB
SEGMENT NUMBER :| 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16

SEGMENT LABEL ;| so1 502 S03 504 S05 508 07 508 S09 510 S11 512 $13 514 815 516

Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B

Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1000 500 1,000 1570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0

Space mean speed (mph) 54.2 61.8 54.9 56.3 53.9 60.7 56.3 55.7 56.1 54.4 614 574 56.3 571 56.0 56.5

Segment density (veh/millane) 397 348 388 391 401 357 367 378 382 395 35.0 352 362 357 368 365 38.0 veh/mi/in
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910

Segment demand (vph) 8610 8610 8514 8659 8659 8650 8273 8423 8586 8586 8586 8081 8141 8141 8240 8240

Segment volume served (vph) 8610 8610 8514 8659 8659 8659 8273 8423 8586 8586 8586 8081 8141 8141 8240 8240

dic ratio 097 097 096 097 097 097 093 095 096 096 096 091 091 091 092 092

Estimated Denied Entry Queue Length (ft.) 0

On-Ramp demand (vph) 0 0 0 145 0 0 0 149 163 0 0 0 59 0 100 [0}

On-Ramp capacity (vph) 2,100 1,900 2100 2,100 2,100

Off- Ramp demand (vph) 0 96 0 0 0 386 0 0 0 0 505 0 "] 0 "] i}

Off-Ramp capacity (vph) 2,100 3,800 2,100

Ramp-to-Ramp demand (vph)

Travel time per vehicle (min) 262 028 056 0.31 015 027 038 031 020 0.10 019 031 013 017 013 052 6.62 min
Free-flow travel time (min) 219 026 048 0.26 012 025 033 026 017 0.09 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 043 0.01 009 0.05 002 002 005 004 003 0.02 001 004 002 0.02 002 007 0.93 min
System delay-- includes on-ramps (min) 043 0.01 009 0.05 002 0.02 005 0.04 003 0.02 001 0.04 002 0.02 002 0.07 0.93 min
[VMTD Veh-miles / interval (Demand) 51082 6115 1,007.3 6150 2849 5851 7325 5082 4065 2033 4065 6008 2544 2238 2575 1,000.8 13,086 veh-mi
[VMTV Veh-miles / interval (Volume served) 51082 6115 10973 6150 2849 5851 7325 5082 4065 2033 4065 6008 2544 3238 2575 10008 13,086 veh-mi
[VHT travel / interval (hrs) 94.18 989 2000 1111 628 963 1301 1074 724 374 662 1046 452 567 460 1771 23441 hrs
[VHD delay finterval (hrs) 16.59 048 312 165 090 0863 1.74 1463 099 0861 037 122 061 069 064 23 33.08 hrs
Space mean speed = VMTV/VHT (mph) 542 618 549 553 539 607 563 557 56.1 544 614 574 56.3 571 56.0 565 658 mph
Segment density (pc/millane)” 419 343 409 332 424 294 387 299 217 416 376 371 269 376 294 385 40.1 pc/mifin
Density-based LOS on segment E D E D E D E D c E E E c E D E E
Demand-based LOS on segment

Travel Time Index (TTI) 1.20 1.05 1.18 1.17 1.21 1.07 1.15 1.17 1.16 1.19 1.08 113 1.16 1.14 1.16 115 1.16

* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
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Analysis Period 5:

—
l Input Worksheet - Directional Freeway Facility
FREEWAY SYSTEM TITLE:

Release June 22nd, 2012
1-580 WB

SEGMENT NUMBER ;| 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER :| 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SEGMENTLABEL { S01 502 $03 S04 505 506 S07 508 $09 $10 s 512 513 S14 515 516
Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1,000 500 1000 1570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 850 650 65.0 65.0 65.0 65.0 650 850 65.0 65.0 65.0 650 650 85.0 85.0 65.0
Space mean speed (mph) 539 618 547 552 536 60.6 56.4 656 559 536 613 570 562 566 558 558
Segment density (veh/mi/lane) 401 350 390 394 406 359 367 381 389 406 355 357 366 363 374 374 38.5 veh/mifin
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8606 8656 8538 8707 8707 8707 8267 8475 8706 8706 8706 8150 8223 8223 8256 8356
Segment volume served (vph) 8656 8656 8538 8707 8707 8707 8267 8475 8706 8706 8706 8150 8223 8223 8356 8356
dlc ratio 097 097 096 098 098 098 093 085 098 098 098 091 092 092 094 094
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 [ 0 169 0 0 0 208 231 0 0 0 73 1} 133 0
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 118 0 0 0 440 0 0 0 0 555 0 0 0 0 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 264 028 057 031 0.15 027 038 031 020 011 0.19 0.31 013 017 013 052 6.65 min
Free-flow travel time (min) 219 026 048 026 0.12 025 0.33 026 017 0.09 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 045 001 009 005 0.03 0.02 0.05 004 003 0.02 0.01 0.04 002 002 002 007 0.96 min
System delay-- includes on-ramps (min) 0.45 0.01 0.09 0.05 0.03 0.02 0.05 0.04 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.07 0.96 min
VMTD Veh-miles / interval (Demand) 56,1354 6148 1,1004 6184 2865 5883 7320 6019 4122 2061 4122 6059 2567.0 3271 261.1 10148 13,174 veh-mi
VMTY Veh-miles / interval (Velume served) 51354 6148 11004 6184 2865 5883 7320 6019 4122 2061 4122 6059 2570 3271 2611 10148 13,174 veh-mi
VHT travel / interval (hrs) 9520 995 2012 1119 534 970 1299 1082 737 384 673 1062 457 578 468 1817 237.07 hrs
VHD delay /interval (hrs) 16.19 049 319 168 094 065 173 1.56 1.03 067 0.39 1.30 062 075 066 256 34.40 hrs
Space mean speed = VMTV / VHT (mph) 539 618 547 552 536 60.6 56.4 556 559 536 613 570 562 566 558 558 556 mph
Segment density (pc/millane)* 423 346 412 335 428 302 387 303 286 428 384 37T 276 383 303 395 406 pc/mifin
Density-based LOS on segment E D E D E D E D D E E E o E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 120 1.05 119 118 121 107 115 117 1.16 121 1.06 114 1.16 1.15 116 116 117
* For Merge and Diverge Segments this Density is only forlRamp Influence Area!
Analysis Period 6:
— — —
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012 L
FREEWAY SYSTEM TITLE:|I-580 WB
SEGMENT NUMBER || 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER || 1 2 3 4 5 6 T 8 9 10 " 12 13 14 15 16
SEGMENT LABEL ;| S01 502 S03 S04 S05 S06 so07 S08 S09 S10 S11 S12 S13 S14 S15 S16
Input or estimated segment type (B,W, ONR,OFR,R) Bl OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12,530 1,500 2722 1500 695 1427 1870 1500 1000 00 1,000 1570 680 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 85.0 85.0 85.0 650 650 650 850 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 53.6 61.7 54.5 55.2 533 60.5 56.4 656 85.7 52.8 61.1 56.7 56.1 56.1 55.7 55.1
Segment density (veh/mi/lane) 406 352 30.3 30.7 41.1 36.2 366 384 396 9.8 36.1 36.3 37.0 37.0 38.0 384 38.9 veh/mi/in
Segment capacity (vph) 8,010 89010 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8702 8702 8564 8757 8757 8757 8262 8507 8825 8825 885 8217 8304 8304 8§468 8468
Segment volume served (vph) 8702 8702 8564 8757 8757 8757 8262 8527 8825 8825 885 8217 8304 8304 8468 8468
d/c ratio 098 098 096 098 098 098 093 096 099 099 099 092 093 093 095 095
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 193 0 0 0 265 298 0 0 0 87 0 164 0
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 138 0 0 0 495 0 0 1] 0 607 0 0 0 0 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 285 028 057 031 015 027 038 031 0.20 011 0.19 031 0.13 017 013 083 6.69 min
Free-flow travel time (min) 219 026 048 026 012 025 033 026 017 0.09 017 027 0.12 015 012 045 569 min
Freeway mainline delay (min) 0.46 001 0.09 005 003 002 005 004 0.03 0.02 0.01 0.04 0.02 0.02 0.02 008 1.00 min
System delay-- includes on-ramps (min) 0.46 001 0.09 005 003 002 005 004 0.03 0.02 0.01 0.04 0.02 0.02 0.02 008 1.00 min
VMTD Veh-miles / interval (Demand) 51624 6180 11037 6210 2882 5917 73156 6056 4178 2089 4178 6108 2505 23303 2646 1,0285 13,261 veh-mi
[VMTV Veh-miles / interval (Volume served) 51624 6180 11037 6219 2882 5917 7215 6056 4178 2080 4178 6108 2505 2303 2646 10285 13,261 veh-mi
VHT travel / interval (hrs) 96.24 1001 2024 1128 541 977 1297 10.90 7.50 3.96 6.83 1078 463 5.88 475 18865 239.80 hrs
VHD delay /interval (hrs) 16.82 0.50 325 171 0.08 0.67 1.72 1.58 1.07 0.74 0.40 1.38 063 0.80 068 283 35.78 hrs
Space mean speed = VMTV / VHT (mph) 536 617 545 552 533 605 56.4 556 557 528 611 56.7 56.1 56.1 557 551 553 mph
Segment density (pc/mi/lane)* 428 349 414 339 434 309 386 307 296 441 391 383 283 390 312 405 41.1 pc/mifin
Density-based LOS on segment E D E D E D E D D E E E D E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 121 1.05 119 1.18 1.22 1.07 115 117 147 123 1.06 115 116 116 147 118 118

* For Merge and Diverge Segments this Density is only fo

Ramp Influence Area!
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Analysis Period 7:

[TIRpUT V/OTHSREET - DITECTIONaI FTEeway Tacity Release June 22nd, 2012 ]
FREEWAY SYSTEM TITLE:(1-580 WB
SEGMENT NUMBER:| 1 2 3 a 5 6 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 18
SEGMENT LABEL | s01 s02 S03 S04 S05 S086 S07 S08 509 $10 s11 s12 s12 s14 s15 S16
Input or estimated segment type (B,W, ONR,OFR,R) Bl oFr B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12530 1500 2722 1,500 695 1427 1870 1,500 1,000 500 1,000 1570 660 840 660 2565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 650 650 650 650 650 650 650 650 650 650 650 650 G50 650 650  65.0
Space mean speed (mph) 533 617 544 550 529 604 564 555 557 528 611 56.9 56.1 56.3 557 55.1
Segment density (vehimiflane) 410 354 395 400 416 364 366 386 396 417 361 359 368 367 380 384 39.1 ven/miin
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8310 910 8910 §I0  8I0  §IW  §IW  8I0  §IN0
Segment demand {vph) 8747 8747 8538 8804 8804 5804 8255 BE79 8044 5044 5044 B286  B3ET  B387 6584 5584
Segment volume served (vph) 8,747 8747 8588 8804 8804 2804 8255 8,579 8,821 8,821 8,821 8172 8,273 8,273 8,470 8,470
dlc ratio 098 098 09 099 099 099 093 09 100 100 100 093 094 094 096 096
vic ratio 098 098 09 099 099 099 093 096 099 099 099 092 093 093 095 095
Queue length at end of time interval (1)
i Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 216 0 0 0 323 366 0 0 0 101 0 197 o
On-Ramp volume served (vph) 0 0 0 216 0 0 0 323 243 0 0 0 101 0 197 o
On Ramp delay (veh-hrs) 0.0 0.0 38 0.0 0.0
On-Ramp queue length (ft) 983
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 159 0 0 0 549 0 0 0 0 658 0 0 0 0 0
Off-Ramp volume served {vph) 0 159 0 0 0 549 0 0 0 0 649 0 0 0 0 0
Off-Ramp capacity (vph) 2,100 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 2.67 0.28 0.57 031 0.15 0.27 0.38 031 0.20 on 0.19 0.31 0.13 0.17 0.13 0.52 6.70 min
Free-flow travel time (min} 219 026 048 026 012 025 033 026 017 009 017 0.27 0.12 0.15 0.12 0.45 5.69 min
Freeway mainline delay (min) 048 001 009 005 003 002 005 004 003 002 001 004 002 002 002 008 1.01 min
System delay-- includes on-ramps (min) 048 001 009 005 003 002 005 004 383 002 001 004 002 002 002 008 481 min
VMTD Veh-miles /interval (Demand) 51895 6212 11069 6253 2897 594.9 7309 609.3 4235 217 4235 616.0 2621 3338 2682 10425 13,349 veh-mi
VMTV Veh-miles / interval (Volume served) 51835 6212 11068 6253 2807 5949 7300 6093 4177 2088 4177 6075 2585 3200 2647 10287 13,300 veh-mi
VHT travel / interval (hrs) 97.30 1007 2035 11.36 5.47 984 1295 10.98 7.50 3.95 6.84  10.67 4.61 5.84 475 18.66 241.15 hrs
VHD delay finterval (hrs) 1748 051 332 174 102 089 171 1.61 4.91 074 0.41 1.33 0.63 0.78 0.68 283 40.37 hrs
Space mean speed = VMTV / VHT (mph) 533 617 544 550 529 604 564 555 557 528 611 569  56.1 563 557 551 55.2 mph
Segment density {pcimiflane)” 433 352 416 343 439 316 386 311 296 440 393 379 280 387 312 405 413 pamifin
Density-based LOS on segment E E E D E D E D D E E E c E D E E
De d-based LOS on segment F F F
Travel Time Index (TT1) 122 105 120 118 123 1.08 115 117 117 123 1.06 1.14 1.16 1.15 117 118 118
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
Analysis Period 8:
— —
Input Worksheet - Directional Freeway Facility
FREEVWAY SYSTEM TITLE:
SEGMENT NUMBER:| 4 5 5 7 [ 9 10 11 12 13 14 15 16
SECTION NUMBER : 4 5 6 7 g El 10 1" 12 13 14 15 16
SEGMENT LABEL ;| S04 505 506 507 508 509 510 511 512 513 514 515 516
Input or estimated segment type (B,W, ONR,OFR,R) ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 1,500 695 1,427 1,870 1,500 1,000 500 1,000 1570 660 840 660 2,565 616 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph}) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 650 65.0 65.0 65.0 65.0
Space mean speed (mph) 54.9 528 60.3 56.5 55.4 55.7 528 61.0 571 56.2 56.5 55.7 55.1
Segment density (vehimillane) 403 421 367 365 389 3986 417 361 358 367 365 g1 384 39 4 veh/mifin
Segment capacity (vph) 8,910 8910 8,910 8,910 8,910 8,910 8910 8,910 8,910 8,910 8,910 8,910 8,910
Segment demand (vph} 8,853 8,853 8,853 8,250 8,631 9,063 9063 9,063 8,354 8,468 8,468 8,697 8,697
Segment volume served (vph) 8,853 8,853 8,893 8,250 8,631 8821 8821 8.821 8132 8,246 8,246 8475 8,475
dic ratio 099 099 0899 0893 087 102 102 1.02 094 085 095 088 098
vic ratio 099 099 099 093 097 099 098 099 091 093 093 095 0.95
Queue length at end of ime interval (ft)
Estimated Denied Entry Queue Length (ft.)
On-Ramp demand (vph) 240 0 ] 0 381 432 o 0 0 114 0 229 0
On-Ramp volume served (vph) 240 0 0 0 381 191 0 0 0 114 0 229 0
On Ramp delay (veh-hrs) 0.0 0.0 15.2 0.0 0.0
On-Ramp queue length (ft) 2,871
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 0 602 0 o 0 o 709 0 o 0 o 0
Off-Ramp volume served (vph) 0 0 603 0 ] 0 ] 690 0 ] 0 ] 0
Off Ramp capacity (vph) 3,800 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 0.3 015 0.27 0.38 0.31 0.20 011 0.19 0.31 0.13 0.7 013 0.53 6.72 min
Free-flow travel time (min) 0.26 012 025 033 026 017 008 017 027 012 015 012 0.45 569 min
Freeway mainline delay (min) 0.05 0.03 0.02 0.05 0.05 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.08 1.03 min
System delay-- includes on-ramps (min}) 0.05 0.03 0.02 0.05 0.05 19.18 0.02 0.01 0.04 0.02 0.02 0.02 0.08 2019 min
'VMTD Veh-miles | interval (Demand) 6288 2913 5082 7305 613.0 4291 2146 4201 6521.0 2646 3368 2718 10563 13,436 veh-mi
VIMTV Veh-miles / interval (Volume served) 628.8 2.3 598.2 7305 612.0 4177 2088 4177 6045 2577 328.0 264.8 1029.2 13,341 veh-mi
'VHT travel / interval (hrs) 11.45 554 991 1294 11.06 7.50 395 684 1058 458 581 476 18.68 24259 hrs
'VHD delay finterval (hrs) 177 1.06 071 170 1.63 16.31 074 0.42 128 0.62 0.76 0.68 2.84 5257 nrs
Space mean speed = VMTV [ VHT (mph) 54.9 5286 60.3 56.5 55.4 55.7 528 61.0 571 56.2 56.5 55.7 55.1 55.0 mph
Segment density (pc/miflane)* 347 44 4 323 385 315 296 440 305 375 278 385 312 406 415 po/milin
Density-based LOS on segment D E D E D D E E E c E D E E
Demand-based LOS on segment F F F
Travel Time Index (TTI) 118 124 1.08 115 117 117 123 1.06 114 116 115 117 118 118

* For Merge and Diverge Segments this Density is only for
=
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Analysis Period 9

Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TIT| -680 WB
SEGMENT NUMBER : 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL ;| 501 502 503 504 505 506 S07 508 09 510 11 512 513 514 515 516
Input or estimated segment type (B,W, ONR,OFR,R) : B.I OFR B ONR B OFR B QONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12,530 1,500 2,722 1,500 685 1,427 1,870 1,500 1,000 500 1,000 1,570 660 840 660 2565 6.16 miles.
Humber of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 B85.0 650 65.0 65.0 B85.0 B850 65.0 65.0 85.0 85.0 650 65.0 85.0 650
‘Space mean speed (mph) 52.8 61.8 53.9 55 52.8 60.3 57.0 554 55.7 52.8 1.0 §7.2 56.1 56.3 547
‘Segment density (veh/mi/lane) 418 35.8 402 401 4.7 366 35.8 389 396 418 36.1 355 36.8 36.7 391 39.5 veh/mifin
‘Segment capacity (vph) 8,910 €910 8,910 83910 8,910 €910 8,910 8,910 8,910 €910 8,910 8,910 8,910 8,910 8,910
Segment demand (vph) 8,829 &3829 8861 8508 2908 8908 8245 3697 0209 9209 9209 8475 B625 8625 5900 8900
Segment volume served (vph) 8,829 8829 6661 8821 8,821 8821 8164 8616 8822 8822 5822 8119 8269 8269 5544 8544
dic ratio 0.89 0.9 0.e7 1.00 1.00 1.00 0.93 0.88 1.03 103 1.03 0.85 0.87 087 1.00 1.00
vic ratio 089 039 087 0.9% 0.89 088 082 087 0.89 088 038 081 0.83 083 036 0.96
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 247 0 0 0 453 512 0 0 0 151 0 275 0
On-Ramp volume served (vph) 0 0 0 180 0 0 0 453 208 0 0 0 151 0 275 0
On Ramp delay (veh-hrs) 27 0.0 324 0.0 0.0
On-Ramp queue length (ft) 880 5315
On-Ramp capacity (vph) 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 167 0 0 0 664 0 0 0 0 735 0 0 0 0 0
Off-Ramp volume served (vph) 0 167 0 0 0 857 0 0 0 0 703 0 0 0 0 0
Off-Ramp capacity {vph) 2,100 3,300 2,100
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 2.70 0.28 0.57 0.31 0.15 0.27 0.37 0.31 0.20 0.1 0.13 0.31 0.13 017 0.13 0.53 6.74 min
Free-flow travel time (min) 219 0.28 0.48 0.26 012 0.2s 0.33 0.26 017 0.09 017 0.27 0.12 015 0.12 0.45 5.89 min
Freeway mainline delay (min) 0.51 0. 0.10 0.05 0.03 0.02 0.05 0.05 0.03 0.02 0.m 0.04 0.02 0.02 0.02 0.08 1.05 min
System delay-- includes on-ramps (min) 051 0.01 0.10 415 0.03 0.02 0.05 0.05  37.81 0.02 0.01 0.04 0.0z 0.02 0.02 0.08 42.93 min
'VIMTD Veh-miles | interval (Demand) 52379 6270 1,1163 6327 2931 6019 7300 6177 4360 2180 4360 630.0 2695 343.0 2781 1,0808 13,548 veh-mi
VIMTV Veh-miles / interval (Volume served) 52379 627.0 11163 6265 2803 586.0 7228 6120 4177 2088 4177 6035 2584 3289 2670 10377 13,369 veh-mi
'VHT travel / interval (hrs) 89.25 1017 2071 11.38 5.49 888 1268 1104 7.50 385 684 1055 460 584 4380 18.98 24370 hrs.
'VHD delay finterval (hrs) 18.67 053 353 448 1.03 072 1.57 163 3343 074 042 1.26 063 078 o7o 3.02 7312 hrs
Space mean speed = VMTV / VHT (mph) 528 616 539 55.0 528 60.3 570 554 557 528 61.0 572 56.1 56.3 55.6 547 549 mph
Segment density (pc/miflane)” 441 355 424 345 440 323 78 34 296 441 396 374 278 387 N8 412 41.7 pcimifin
Density-based LOS on segment E E E ] E D E ] D E E E c E o E E
Demand-based LOS on segment F F F
Travel Time Index (TTI) 123 1.05 1.21 1.18 1.23 1.08 1.14 147 117 123 1.07 1.14 1.16 115 117 1.18 1.18
= For Merge and Diverge Segments this Density is only for Ramp Influence Areal
Analysis PeriodlO:
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TIT 1-580 WB
SEGMENT NUMBER :| 1 2 3 4 5 L3 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER : 1 2 3 4 s & T 3 9 10 11 12 13 14 15 16
SEGMENT LABEL:| s0D1 S02 503 S04 S05 S06 S07 S08 508 s10 511 812 513 514 S15 516
Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 2,530 1500 2722 1,500 695 1,427 1870 1,500 1,000 s00 1,000 1570 660 240 660 2,565 6.16 miles
Humber of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65, 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 616 536 528 60.2 573 528 61.0 573 56.1 56.2 54.2
Segment density (vehimillane) 3.0 4056 4“7 36 354 418 ¥}2 354 369 369 B8 9.7 39.8 veh/mifin
‘Segment capacity (vph) 8810 8810 8810 8910 &0 8810 8810 8¢10 &®10 8810 8810 8910 80 8910
Segment demand (vph) 8,865 8,865 8,708 8962 8962 8962 8238 8763 354 9354 9354 8583 8779 8779 9,089 9,089
Segment volume served (vph) 8,865 8,865 8,708 88X 8,821 8821 8108 8633 8822 8822 8822 8106 8291 8,291 8611 8811
dic ratio 059 059 058 1.01 1.01 101 092 058 1.05 105 1.05 0.96 099 099 102 1.02
vic ratio 059 059 058 059 099 059 0.91 087 059 0.99 059 0.51 093 093 0.7 057
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 253 ] 0 0 525 591 ] 0 0 188 0 320 0
On-Ramp volume served (vph) 0 ] 0 12 0 0 ] 525 188 0 0 ] 185 ] 320 0
On Ramp delay (veh-hrs) 9.9 0.0 545 0.0 0.0
On-Ramp queue length (ft) 1,748 5,448
On-Ramp capacity (vph) 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 156 0 o o 724 0 0 o o 761 0 0 o o 0
Off-Ramp volume served (vph) 0 156 0 0 0 72 0 0 0 0 "7 0 0 0 0 0
Off_Ramp capacity (vph) 2,100
Ramp-to-Ramp demand {vph)
Travel time per vehicle (min) 2n 028 0.58 0.31 0.15 027 037 031 0.20 o1 018 031 013 017 0.14 054 676 min
Free-flow travel time (min) 218 028 0.48 028 012 025 033 026 017 0.09 017 027 012 0.15 012 045 569 min
Freeway mainline delay (min) 052 0.01 0.10 0.05 0.03 002 0.04 0.0s 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.08 1.07 min
System delay-- includes on-ramps (min) 052 0.01 010 2128 0.03 0.02 0.04 005 8531 0.02 0.0 0.04 0.02 0.02 0.02 0.09 91.58 min
'VMTD Veh-miles ! interval (Demand) 52593 6258 11224 8385 2949 8055 7294 8224 4429 2215 4429 8383 2743 3497 2843 11051 13,859 veh-mi
VMTV Veh-miles | interval (Volume served) 5250.3 6206 11224 6265 2003 5960 7180 6132 4177 2089 #4177 8026 2591 3208 2691 10458 13,408 veh-mi
'VHT travel / interval (hrs) 10014 1022 2084 1139 5.49 950 12854 1107 3.95 6.85 10.82 482 5.87 435 19.28 24512 hrs
'VHD delay /interval (hrs) 19.22 053 368 1163 1.03 073 1.49 164 0.74 0.42 1.25 063 079 0.71 3.19 103.28 hrs
Space mean speed = VMTV { VHT (mph) 525 616 536 55.0 s28 60.2 573 55.4 528 61.0 573 56.1 56.2 5.5 54.2 54.7 mph
‘Segment density (pcimillane)” 44.5 356 429 345 44.0 328 T3 3.5 441 397 T3 281 389 323 41.9 42.0 pcimiin
Density-based LOS on segment E E E D E D E D E E E D E 1} E E
Demand-based LOS on segment F F F F F F F F
Travel Time Index (TTI) 124 1.05 1.21 1.18 123 1.08 1.14 147 117 123 1.07 113 118 1.18 147 1.20 119
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
—




Analysis Period 11:

s— —
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEVAY SYSTEM TITLE:|1-580 WB
SEGMENT NUMBER: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SECTION HUMBER : 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL:| S01 soz s03 S04 805 506 s07 s08 sog s10 s11 512 513 s14 815 816

Input or estimated segment type (B,W, ONR,OFR,R} B OFR B ONR B OFR B ONR ONR! B OFR B ONR B ONR B
Segment Length (ft) 12530 1,500 2722 1,500 695 1427 13870 1500 1,000 500 1,000 1570 660 840 660 2565 6.16 miles
Number of lanes a 4 4 4 4 4 4 4 a a 4 4 4 4 4 4
Free flow speed (mph) 650 650 650 650 650 650 650 650 650 650 650 650 650 650 650  65.0
Space mean speed (mph) 523 616 533 550 527 601 575 553 557 527 610 573 561 560 553 537
Segment density (veh/miilane) 426 36.1 411 402 419 367 35.1 392 397 41.9 36.2 354 371 372 393 405 40.1 veh/mi/in
Segment capacity {vph) 8910 8910 8910 8910 8910 8910 8910 8910 88910 8910 8910 8910 8910 8910 5910 8910
Segment demand (vph) 8,801 8901 8757 9,017 9,017 9017 8233 8830 8501 9,501 9,501 8714 8936 8936 9302 9302
Segment volume served (vph) 8901 8901 8757 8837 8837 8837 8070 8686 8837 8837 68837 8107 §328 8328 8694 8694
dic ratio 100 100 098 101 101 101 092 089 107 107 107 098 100 100 104 104
vic ratio 1.00 1.00 0.98 099 099 099 081 087 099 0.99 0.99 091 093 093 088 088
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) ]
On-Ramp demand (vph) 0 1] 0 261 0 0 0 597 671 0 0 0 222 0 366 0
On-Ramp volume served (vph) o 0 0 80 0 0 o 597 170 o 0 0 222 0 366 o
On Ramp delay (veh-hrs) 20.0 00 827 0.0 0.0
On-Ramp queue length (ft) 3.002 12,300
On-Ramp capacity (vph) 2,100 1900 2100 2,100 2,100
Off-Ramp demand (vph) 0 144 0 0 0 784 ] ] 0 0 787 0 0 0 ] ]
Off-Ramp volume served (vph) 0 144 0 0 0 767 0 0 0 0 730 0 0 0 0
Off-Ramp capacity (vph}
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 272 028 058 031 015 027 037 031 020 011 019 031 013 017 014 054 6.78 min
Free-flow travel time (min) 219 026 048 026 012 025 033 026 017 009 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 0.53 0.01 0.10 0.05 0.03 0.02 0.04 0.05 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.00 1.09 min
System delay-- includes on-ramps (min) 053 001 010 5977 003 002 004 005 11667 002 001 004 002 002 002 009 177.45 min
'VMITD Ven-miles | interval (Demand) 52806 6322 11286 6404 2967 6093 72090 6271 4498 2249 4498 6478 2792 3554 2907 11297 13771 veh-mi
'VMTV Veh-miles / interval (Volume served) 5280.6 6322 11286 6276 2908 5971 7145 6155 4184 2092 4184 6026 2603 3312 2717 10559 13,455 veh-mi
VHT travel / interval (hrs) 10103 1026 2119 1142 552 993 1243 1112 751 397 686 1052 464 591 491 1957  246.89 hrs
VHD delay finterval (nrs) 1979 053 382 2171 104 075 144 185 8382 075 042 125 064 082 073 342 14260 hrs
Space mean speed = VMTV / VHT (mph) 523 61.6 533 55.0 527 60.1 575 553 55.7 52.7 61.0 57.3 56.1 56.0 55.3 537 54.5 mph
Segment density (pcimiflane)” 449 357 434 347 a4z 330 aro[_31 7_| 207 442 398 373 284 392 330 427 42.3 paimilin
Density-based LOS on segment E E E D E D E D D E E E D E D E E
Demand-based LOS on segment F F F F F F F F F F
Travel Time Index (TTI) 1.24 1.05 1.22 118 1.23 1.08 113 117 117 1.23 1.07 113 116 1.18 117 1.21 1.19
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!

Analysis Period 12:

—— —
Input Worksheet - Directional Freeway Facility
FREEWAY SYSTEM TITLE:
SEGMENT NUMBER : 5 6 T 8 9 10 1 12 13 14 15 16
SECTION NUMBER : 5 3 7 g 9 10 11 12 13 14 15 16
SEGMENT LABEL :| 505 S06 507 508 509 510 S11 512 513 514 515 516

Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 695 1427 1,870 1,500 1,000 500 1,000 1,570 660 840 660 2,565 616 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 650 65.0 65.0 65.0 65.0 65.0 65.0 650 65.0 650 65.0 65.0
Space mean speed (mph) 5289 60.0 58.0 554 55.7 529 61.0 57.6 56.1 56.1 55.3 535
Segment density (veh/mi/lane) 41.6 3B.7 343 39.0 395 416 361 35.0 37.0 37.0 3904 40.7 38.9 veh/mifln
Segment capacity (vph) 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8,910
Segment demand (vph) 8,806 8,806 7,962 8,631 9,381 9,381 9,381 8,569 8,826 8,826 9237 9,237
Segment volume served (vph) 8,805 8,805 7,964 8,633 8,809 8,800 8,809 8,054 8,310 8,310 8721 8721
dic ratio 0.99 0.99 0.89 0.97 1.05 1.08 1.05 0.96 0.99 0.99 1.04 1.04
vic ratio 0.99 0.99 089 0.97 0.99 0.99 0.99 0.80 093 083 098 098
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.)
On-Ramp demand (vph) a 0 o 669 750 a o a 257 a 411 o
On-Ramp volume served (vph) o 0 o 669 176 o o o 257 o 411 o
On Ramp delay (veh-hrs) 00 1163 0.0 0.0
On-Ramp queue length (ft) 16,826
On-Ramp capacity (vph) 1,800 2100 2,100 2,100
Off- Ramp demand (vph) 0 845 0 0 0 0 812 0 0 0 0 0
Off Ramp volume served (vph) 0 841 0 0 0 0 755 0 0 0 0
Off Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 0.15 0.27 0.37 0.31 0.20 011 019 0.31 013 017 014 0.54 6.68 min
Free-flow travel ime (min) 0.1z 0.25 0.32 0.26 017 0.09 017 0.27 012 0.15 012 0.45 5.69 min
Freeway mainline delay (min) 0.03 0.02 0.04 0.05 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.10 0.99 min
System delay-- includes on-ramps (min) 0.03 0.02 0.04 005 15871 0.02 0.01 0.04 0.02 0.02 0.02 0.10 182.87 min
VMTD Veh-miles / interval (Demand) 2898 585.0 7049 613.0 4442 2221 4442 637.0 2758 3510 2887 11218 13,474 veh-mi
VMTV Veh-miles / interval (Volume served) 2897 504.9 7051 8121 4171 2085 4171 5087 259.7 3305 2725 1059.2 13,253 veh-mi
VHT travel | interval (hrs) 547 991 1215 11.07 748 394 6.84 10.40 463 589 493 19.80 23952 hrs
VHD delay finterval (hrs) 1.02 0.76 1.30 163 11741 073 0.42 1.19 063 0.81 0.74 3.50 17763 hrs
Space mean speed = VMTV /| VHT {(mph) 5289 60.0 58.0 554 55.7 529 61.0 57.6 56.1 56.1 55.3 535 553 mph
Segment density (pc/miflane)* 43.9 331 36.2 3.4 29.5 43.9 30.8 36.9 28.2 391 332 43.0 41.0 pc/mifin
Density-based LOS on segment E D E D D E E E D E D E E
Demand-based LOS on segment F F F F F
Travel Time Index (TTI)} 123 1.08 112 147 117 123 1.07 113 118 1.16 1.18 121 117
* For Merge and Diverge Segments this Density is only for
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Analysis Period 13:

—
lmorksheel ~ Directional Freeway Facility Eieleﬂﬁe June 22nd, 2012
FREEWAY SYSTEM TITLE:(I-580 WB
SEGMENT NUMBER 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER:| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SEGMENTLABEL: 501 " s0z " so3 " so4 " sos S0 so7 " sos " sos " st 7 st 12 " s13 " s14 " os15 7 s16
Input or estimated segment type (BW, ONR,OFR,R) B OFR B ONR B OFR B ONR  ONR B OFR B ONR B ONR B
Segment Length (ft) 12,530 1,500 2722 1500 695 1,427 1870 1,500 1,000 500 1,000 1,570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 545 618 553 55.0 528 60.0 581 555 557 528 60.9 576 56.1 56.1 553 536
Segment density (vehimiflane) 303 347 382 401 417 368 342 388 396 418 362 350 370 370 394 407 38.4 veh/mifln
Seagment capacity (vph) 8810 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910
Segment demand (vph) 8572 8572 8445 8721 8,721 8721 7,861 8,509 9,268 9,268 9,268 8,457 8,712 8712 9115 2115
Segment volume served (vph) 8572 8572 8445 8821 ©821 8821 7953 8600 8824 8824 8824 8055 8310 8310 8713 8713
dic ratio 096 096 095 098 098 098 088 095 104 104 104 095 098 098 102 102
vic ratio 096 096 095 099 099 099 089 097 099 099 083 090 093 093 098 098
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (fi.) ]
On-Ramp demand {vph) 0 0 0 276 0 0 0 648 759 0 0 0 255 0 403 0
On-Ramp volume served (vph) 0 1] 0 378 0 0 0 648 224 0 0 0 255 0 403 0
On Ramp delay (veh-hrs) 226 00 1510 0.0 00
On-Ramp queue length (ft} 2,638 21,414
On-Ramp capacity (vph) 2,100 1,900 2,100 2,100 2,100
Off- Ramp demand (vph) o 127 0 0 o 860 0 o 0 0 811 0 0 o 0 0
Off Ramp volume served (vph) ] 127 0 0 0 363 0 0 0 0 770 0 0 0 0
Off Ramp capacity (vph)
Ramp.to-Ramp demand (vph) 14
Travel time per vehicle (min) 261 028 056 031 015 027 037 031 020 o1 019 031 013 017 014 0.54 6.64 min
Free-flow travel time (min} 219 0.26 0.48 0.26 0.12 0.25 0.33 0.26 0.17 0.09 0.17 0.27 0.12 0.15 0.12 0.45 5.69 min
Freeway mainline delay (min) 0.42 0.01 0.08 0.05 0.03 0.02 0.04 0.05 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.10 0.95 min
System delay-- includes on-ramps (min) 042 0.01 008 1444 003 002 004 005 16173 0.02 0.01 0.04 002 002 002 010  177.05 min
VMTD Veh-miles / interval {Demand) 50857 6088 10884 6194 287.0 5392 6960 6043 4388 2194 4388 6286 2723 3465 2848 11070 13,315 veh-mi
VMTV Veh-miles | interval (Volume served) 50857 608.8 10884 6265 2903 5960 7041 610.8 4178 2089 4178 5988 2507 3305 2723 10582 13,175 veh-mi
VHT travel ! interval (hrs) 9333 9585 1968 1139 550 994 1212  11.01 750 396  6.86 1040 463 583 492 1976 23673 hrs
VHD delay /interval {hrs) 1509 048 294 2431 103 077 129 162 15209 074 043 119 063 081 074 348 20762 hrs
Space mean speed = VMTV |/ VHT (mph) 545 618 553 550 528 60.0 581 555 557 528 60.9 5786 56.1 56.1 553 536 55.7 mph
Segment density (pc/miflane)* 415 343 403 344 440 334 2361 311 206 441 399 369 282 39.1 331 429 40.5 poimiln
Density-based LOS on segment E D E D E D E D D E E E D E D E E
Demand-based LOS on segment F F F F F
Travel Time Index (TTI) 119 1.05 118 118 123 108 112 117 117 123 1.07 113 118 1.16 118 121 117
* For Merge and Diverge Segments this Densily is only for Ramp Influence Areal
Analysis Period 14:
[TrPut Worksheet - Ditectional Freewiay Faciity
FREEWAY SYSTEM TITLE:
SEGMENT NUMBER | 3 4 5 6 7 ] 9 10 11 12 13 14 15 16
SECTION NUMBER :| 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SEGMENT LABEL ;| S03 S04 505 506 507 508 508 510 511 512 513 514 315 516
Input or estimated segment type (B,W, ONR,OFR,R) B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 2722 1,500 695 1427 1,870 1,500 1,000 500 1,000 1,570 660 840 660 2565 6.16 miles
Humber of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 650 65.0 65.0 65.0 65.0 65.0 65.0 65.0 650 65.0 65.0 650 65.0 65.0
Space mean speed (mph) 559 55.0 528 60.0 582 555 55.7 528 609 576 56.1 56.2 55.3 537
Segment density (vehimillane) 374 401 418 368 340 385 396 4138 362 349 370 369 393 405 37.9 vehimifn
Segment capacity (vph) 8,910 8,910 8,910 8,910 8,910 8,910 8,910 8910 8,910 8,910 8910 8,810 8,910 8910
Segment demand (vph) 8,351 8,635 8,635 8,635 7,760 8,388 9,155 9,155 9,155 8,345 8,600 8,600 8,993 8,993
Segment volume served (vph) 8,351 8,822 8,822 8,822 7,929 8,557 8,824 8824 8,624 8046 8301 8,301 8,694 8694
dic ratio 094 097 097 097 087 0.94 103 1.03 1.03 094 097 097 1.01 1.01
vic ratio 094 099 099 099 0.89 0.96 099 099 099 090 093 093 098 088
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.)
On-Ramp demand (vph) 1] 284 0 1] 0 628 767 0 1] 0 254 1] 393 0
On-Ramp volume served (vph) 0 471 0 0 0 628 267 0 0 0 254 0 393 0
On Ramp delay (veh-hrs) 136 0.0 1834 0.0 0.0
On-Ramp queue length {ft) 1,095 25,846
On-Ramp capacity (vph) 2100 1,900 2,100 2,100 2100
Off- Ramp demand (vph) 0 o 0 874 0 0 0 0 810 0 0 0 ] 0
Off-Ramp volume served (vph) 0 0 0 893 0 0 0 0 778 0 0 0 0
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 058 03 0.15 0.27 0.38 0.31 020 o 019 031 0.13 017 014 0.54 6.60 min
Free-flow travel time (min) 0.48 0.26 0.12 025 0.33 0.26 017 0.09 017 0.27 0.12 015 012 0.45 5.69 min
Freeway mainline delay (min} 0.08 0.05 0.03 0.02 0.04 0.04 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.09 0.92 min
System delay-- includes on-ramps (min) 0.08 6.97 0.03 0.02 0.04 0.04 16457 0.02 0.01 0.04 0.02 0.02 0.02 0.09 172.28 min
VMTD Veh-miles / interval (Demand) 1,076.2 613.2 2841 5834 6871 595.7 4335 218.7 4335 620.4 2687 342.0 281.0 1,092.2 13,157 veh-mi
VMTV Veh-miles / interval (Volume served) 1076.2 626.5 290.3 596.0 7021 B07.7 417.8 208.9 4178 598.1 259.4 3301 2717 10559 13,088 veh-mi
VHT travel / interval (hrs) 19.26 11.39 5.50 994 12.08 10.94 7.50 3.98 6.86 1038 4.62 5.88 491 19.67 233.81 hrs
VHD delay finterval (hrs) 271 15.33 1.03 077 1.26 1.60 18443 0.74 043 118 0.62 0.80 073 342 229.39 hrs
Space mean speed = VMTV [ VHT (mph) 5549 55.0 52.8 60.0 58.2 55.5 55.7 52.8 60.9 57.6 56.1 56.2 55.3 537 56.0 mph
Segment density (pcimiflane)” 394 343 44.0 3358 359 308 29.6 441 400 36.8 281 390 3.0 427 40.0 pc/mifin
Density-based LOS on segment E D E D E D D E E E D E D E E
Demand-based LOS on segment F F F F F
Travel Time Index (TTI} 116 118 123 108 112 147 117 123 1.07 113 1.18 116 117 121 116
= For Merge and Diverge Segments this Density is only for ral
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Analysis Period 15:

—
Input Worksheet - Directional Freeway Facility

Release June 22nd, 2012

FREEWAY SYSTEM TITLE:|I1-580 WB

SEGMENT NUMBER] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SECTION NUMBER:| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SEGMENT LABEL: 501 S02 s03 S04 505 S06  s07 508 508 510 511 5812 513 514 815 518
Input or estimated segment type {B,W, ONR,OFR,R} Bl oFr B ONR B OFR B ONR ONR B OFR B ONR B ONR ]
Segment Length (ft) 12530 1500 2722 1500 695 1427 1870 1500 1,000 500 1,000 1570 660 840 660 2,565 6.16 miles
Humber of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 650 650 650 650 650 650 650 650 650 650 650 650 650 650 650 650
Space mean speed (mph) 557 620 543 553 538  G0.0 590 533 557 520 609 577 561 563 554 530
Segment density (veh/millane) 376 338 380 392 403 361 329 393 305 417 362 348 369 368 301 402 37.5 veh/mifin
Segment capacity (vph) 8910 8910 80910 8910 8810 8910 8910 8910 &910 8910 3910 8910 &910 8910 3910 8910
Segment demand (vph) 8374 8374 80256 8549 8549 8540 7660 8266 9041 09041 9041 8233 8486 8486 35871 8871
Segment volume served (vph) 8374 8374 80256 8673 8673 8673 7771 8377 8813 8813 85813 8028 8282 8282 5666 8666
d/c ratio 094 094 093 096 088 096 086 093 101 101 101 092 095 095 100  1.00
vic ratio 094 094 093 097 087 097 087 094 089 099 099 090 093 093 087 097
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand {vph) 0 o 0 293 0 0 0 506 775 0 0 0 253 [ 385 0
On-Ramp volume served (vph) 0 o 0 418 0 0 0 506 436 0 0 0 253 [ 385 0
On Ramp delay {veh-hrs) 0.3 00 2096 0.0 0.0
On-Ramp queue length (ft) 30,677
On-Ramp capacity (voh) 2,100 1900 2100 2,100 2,100
Off- Ramp demand (vph) 0 118 0 0 0 889 0 0 o 0 808 0 0 0 0 0
Off Ramp volume served {vph) 0 118 0 0 0 202 0 0 o 0 784 0 0 0 0
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 256 028 057 031 015 027 036 032 020 011 019 031 013 017 014 054 6.59 min
Free-flow travel time (min) 219 026 048 026 012 025 033 026 017 009 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 038 001 009 005 003 002 003 006 003 002 001 003 002 002 002 009 0.90 min
System delay-- includes on-ramps (min) 038 001 009 020 003 002 003 006 11552 002 001 003 002 002 002 009 11655 min
[VMITD Veh-miles / interval {Demand) 49681 5047 10641 607.2 2813 577.6 6782 5871 4281 2140 4281 6120 2652 3375 2772 10774 12998 veh-mi
VMTV Veh-miles / interval (Volume served) 49681 5047 10641 6160 2854 5860 6880 5950 4173 2086 4173 5068 2588 3204 2708 10525 12,949 veh-mi
VHT travel | interval (rs) 8915 960 1960 1114 530 976 1166 1117 743 395 685 1034 461 585 489 1954 23089 hrs
VHD delay finterval {hrs) 1272 045 323 192 081 075 107 201 21085 074 043 116 063 079 072 334 24153 hrs
Space mean speed = VMTV / VHT (mph) 557 620 543 553 538  60.0 590 533 557 529 609 577 561 563 554 530 56.1 mph
Segment density (pc/miflane)* 3985 335 401 331 425 323 347 415 204 440 400 367 280 388 327 424 39.5 poimidn
Density-based LOS on segment E o] E D E o] D E o] E E E c E D E E
Demand-based LOS on segment F F F
[Travel Time index (TT)) 117 105 120 148 121 108 110 122 147 123 107 113 116 115 147 121 116
* For Merge and Diverge Segments this Density is only for Ramp Influgnce Area!
——
Analysis Period 16:
pr— —
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|1-580 WB
SEGMENT NUMBER:| 1 2 3 4 5 6 7 8 9 10 1 12 13 1 15 16
SECTION HUMBER:| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18
SEGMENT LABEL:| 501 S02  S03 S04 S05  S06  S07  S08  S09  S10 S 512 S13 S14 $15 16
Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR 8 ONR ONR B OFR B ONR B ONR 8
Segment Length (ft) 12,530 1500 2722 1500 695 1427 1870 1,500 1,000 500 1,000 1,570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 650 650 650 650 650 650 650 650 650 650 650 650 650 650 650 650
Space mean speed (mph) 569 621 576 558 558 602 605 561 557 528 609 577 561 563 554 540
Segment density (veh/miflane) 359 329 360 375 374 347 308 358 396 417 362 347 368 367 390 401 36.0 veh/milln
Segment capacity (vph) 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 8910 910 8910 5IN
Segment demand (vph) 8168 8168 8056 8357 8357 8357 7453 8038 8821 5821 8821 8015 8267 8267 8642 5642
Segment volume served (vph) 8168 8168 8056 8357 8357 8357 7453 8038 8821 8821 8821 8022 8274 8274 5649 5649
dic ratio 092 082 090 094 094 094 084 090 099 099 099 090 093 093 097 097
vic ratio 092 082 080 094 094 094 034 090 099 099 099 080 083 083 087 007
Queue length at end of ime interval (ft)
Estimated Denied Entry Queue Length (ft.) ]
On-Ramp demand (vph) 0 0 0 301 0 0 0 585 783 0 0 0 252 0 375 0
On-Ramp volume served (vph) 0 0 0 301 0 0 0 585 783 0 0 0 252 0 375 0
On Ramp delay (veh-hrs) 0.0 00 2202 0.0 0.0
On-Ramp queue length (i) 36,094
On-Ramp capacity (voh) 2,100 1900 2,700 2,100 2,100
Off- Ramp demand (vph) ] 112 ] 0 0 904 0 0 0 0 807 0 0 0 0 0
Off-Ramp volume served (vph) 0 112 0 0 0 904 0 0 0 0 799 0 0 0 0
Off-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle {min) 250 027 054 031 014 027 035 030 020 011 019 034 013 047 014 054 6.47 min
Free-flow travel time (min) 219 026 048 026 012 025 033 026 017 009 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min} 031 001 006 004 002 002 002 004 003 002 001 003 002 002 002 0.09 0.78 min
System delay-- includes on-ramps (min) 031 001 006 004 002 002 002 004 6754 002 001 003 002 002 002 009 68.29 min
'VMTD Veh-miles / interval (Demand) 48461 5801 10383 5935 27650 5647 6599 5709 4177 2083 4177 5958 2583 3283 2701 1,0496 12,675 veh-mi
VMTV Veh-miles | interval (Volume served) 48461 5801 10383 5035 2750 5647 650.9 5709 4177 2088 4177 5963 2586 3291 2703 10504 12,677 veh-mi
VHT travel | interval {hrs) 8512 935 1804 1064 493 937 1091 1018 750 395 686 1033 461 584 483 1946 22196 hrs
VHD delay finterval {hrs) 1057 042 207 151 069 063 076 139 22127 074 043 115 063 078 072 330 24713 hrs
Space mean speed = VMTV | VHT (mph) 569 621 576 558 558 602 605 561 557 528 609 577 561 563 554 540 57.1 mph
Segment density (pc/millane)* 378 326 368 306 395 207 325 266 293 440 401 366 279 387 326 423 38.0 poimiln
Density-based LOS on segment E o] E o] E 5] 5] c D E E E c E D E E
Demand -based LOS on segment
Travel Time Index (TTI) 114 105 113 117 116 108 108 116 117 123 107 113 116 115 147 120 114
* For Merge and Diverge Segments this Density is only for Ramp Influence Areal
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Analysis Period 17:

s— —
Input Worksheet - Directional Freeway Facility Release June 22nd, 2012
FREEWAY SYSTEM TITLE:|I-580 WB
SEGMENT NUMBER | 1 2 3 4 5 6 T 8 9 10 1 12 13 14 15 16
SECTION NUMBER ;| 1 2 3 4 5 & 7 8 9 10 1" 12 13 14 15 18
SEGMENT LABEL:| S01 502 803 504 805 806 507 808 S09 510 311 512 s13 s14 3815 816
1
Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12,530 1,500 2722 1500 695 1427 1870 1500 1,000 500 1000 1,570 660 840 660 2565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 578 6821 581 55.9 56.5 60.4 60.9 56.2 557 52.8 60.9 577 56.1 56.4 55.4 541
Segment density (veh/mi/lane) 350 324 342 368 364 241 302 353 3986 418 362 347 368 387 389 399 35.4 veh/mifln
Segment capacity (vph) 8,910 8,910 8810 8910 8910 8910 8910 8810 8910 8910 8910 8910 8910 8910 8,910 8910
Segment demand (vph) 8,053 8,053 7,944 8236 8236 8236 7357 7926 8687 8,687 8687 7,003 8148 8148 8513 8513
Segment volume served (vph) 8,053 8,053 7,944 8236 8236 8236 7357 7926 8822 8822 8822 8022 8,267 8267 8,632 8632
dic ratio 0.90 0.90 089 092 0.92 082 083 089 097 0.97 087 089 091 081 0.96 0.96
vic ratio 0.90 0.90 089 092 0.92 082 083 089 099 0.99 099 0.90 093 093 097 087
Queue length at end of time interval (ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand {(vph) 0 0 o 293 o 0 0 568 761 o 0 0 245 0 365 o
On-Ramp volume served (vph) 0 0 0 293 0 0 0 568 896 0 0 0 245 0 365 0
On Ramp delay (veh-hrs) 0.0 00 2160 0.0 0.0
On-Ramp queue length (ft) 36,832
On-Ramp capacity {vph) 2,100 1900 2,100 2,100 2,100
Off- Ramp demand (vph) 0 109 o 0 o 879 0 o 0 o 783 0 o 0 0 o
Off-Ramp volume served (vph) 0 109 0 0 0 879 0 0 0 0 800 0 0 0 0
Off Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 247 027 053 030 014 027 035 0.30 020 0.11 019 031 013 017 014 054 6.43 min
Free-flow travel time {(min) 219 0.26 048 026 012 025 033 026 017 0.09 017 027 012 015 012 045 5.69 min
Freeway mainline delay (min) 028 0.01 0.06 004 0.02 0.02 0.02 004 003 0.02 001 003 002 002 0.02 0.09 0.74 min
System delay—- includes on-ramps (min} 028 0.01 0.06 0.04 0.02 0.02 0.02 004 5786 0.02 001 003 0.02 0.02 0.02 0.09 58.57 min
'VMTD Veh-miles / interval (Demand) 47775 5719 10238 5850 2710 5565 6514 5629 4113 2057 4113 5875 2546 3241 266.0 10339 12,494 veh-mi
'VMTV Veh-miles / interval (Volume served) 47776 5719 10238 5850 2710 5565 6514 5629 4177 2089 4177 5963 2583 3288 2607 10483 12,546 veh-mi
'VHT travel / interval (hrs) 82.99 9.20 17.61 10.46 479 922 1070 10.02 7.50 395 686 1033 460 583 487 1938 218.31 hrs
'VHD delay finterval (hrs) 9.49 0.40 1.86 1.46 0.62 0.66 0.68 1.36 217.06 0.74 0.43 115 0.63 0.78 0.72 3.25 241.29 hrs
Space mean speed = VMTV / VHT (mph) 576 62.1 58.1 55.9 56.5 60.4 60.9 56.2 55.7 52.8 60.9 57.7 56.1 56.4 55.4 541 57.5 mph
Segment density (pcimiflane)* 369 322 36.0 206 384 285 319 256 202 44.1 401 36.6 279 387 325 421 37.4 pc/mifn
Density-based LOS on segment E D E D E D D c D E E E c E D E E
Demand-based LOS on segment
Travel Time Index (TT1) 113 1.05 1.12 1.16 1.15 1.08 1.07 1.16 117 1.23 1.07 113 1.16 115 117 120 1.13
* For Merge and Diverge Segments this Density is only for Ramp Influence Areal
—
Analysis Period 18:
Iﬁnunlwolksneelerrecllonal Freeway Facility Release June 22nd, 2012 |:
FREEWAY SYSTEM TITLE:|I-580 WB
SEGMENT NUMBER ;| 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SECTION NUMBER :| 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
SEGMENT LABEL ;| s01 S02 S03 S04 S05 S06 S07 S08 S09 S10 S11 S12 513 514 S$15 516
Input or estimated segment type (B,W, ONR,OFR,R) B OFR B ONR B OFR B ONR ONR B OFR B ONR B ONR B
Segment Length (ft) 12530 1,500 2722 1,500 695 1,427 1,870 1,500 1,000 500 1000 1,570 660 840 660 2,565 6.16 miles
Number of lanes 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Free flow speed (mph) 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Space mean speed (mph) 587 623 592 56.1 578 60.6 616 56.3 555 522 609 573 56.1 559 553 537
Segment density (veh/mi/lane) 333 314 326 357 34.6 331 29.0 342 401 427 36.6 354 372 373 39.3 40.5 34.5 veh/mifin
Segment capacity (vph) 8910 8910 8910 8,910 8,910 8,910 8910 8910 8910 8910 8910 8910 8910 8,910 8,910 8,910
Segment demand (vph) 7831 7831 7,725 8,009 8,009 8,009 7,157 7,708 8447 8447 8447 7687 7925 7,925 8,279 8,279
Segment volume served (vph) 7,831 7.831 7,725 8,009 8,009 8,009 7157 7,708 8910 8910 8910 8108 8345 8,345 8,699 8,699
dic ratio 088 088 087 090 0.90 0.90 0.80 087 085 0.85 0.95 086 089 089 093 093
vic ratio 0.88 0.88 0.87 0.90 0.90 0.90 0.80 0.87 1.00 1.00 1.00 091 0.94 0.94 0.98 0.98
Queue length at end of time interval {ft)
Estimated Denied Entry Queue Length (ft.) 0
On-Ramp demand (vph) 0 0 0 284 0 0 o 551 739 o 0 0 237 0 354 0
On-Ramp volume served (vph) 0 0 0 284 0 0 0 551 1,202 0 0 0 237 0 354 0
On Ramp delay (veh-hrs) 0.0 0.0 1973 0.0 0.0
On-Ramp queue length (ft) 38,062
On-Ramp capacity {vph) 2,100 1800 2100 2,100 2,100
Off- Ramp demand (vph} 0 106 0 0 0 852 o o o o 760 0 0 0 0 0
Off-Ramp volume served (vph) 0 108 0 0 0 852 o o o o 802 0 0 0 0
Ofi-Ramp capacity (vph)
Ramp-to-Ramp demand (vph)
Travel time per vehicle (min) 242 027 052 030 014 027 034 0.30 020 011 019 031 013 017 014 054 6.37 min
Free-flow travel time (min) 219 026 048 026 0.12 025 033 026 017 0.09 017 027 012 015 0.12 045 5.69 min
Freeway mainline delay (min) 0.23 0.01 0.05 0.04 0.02 0.02 0.02 0.04 0.03 0.02 0.01 0.04 0.02 0.02 0.02 0.09 0.68 min
System delay-- includes on-ramps (min) 023 001 005 0.04 0.02 0.02 0.02 004 3944 002 001 004 002 002 0.02 0.09 40.09 min
'VMTD Veh-miles | interval (Demand) 46461 5562 9957 568.8 2636 5412 6337 5475 4000 2000 4000 5714 2476 3152 2587 1,0054 12,151 veh-mi
VMTV Veh-miles / interval (Volume served) 4646.1 556.2 9957 568.8 263.6 5412 6337 5475 4219 2109 4219 6027 2608 3319 2718 10565 12,331 veh-mi
VHT travel / interval (hrs) 79.12 893 1681 1014 4.56 893 10.28 973 7.60 404 693 1052 485 594 491 19.69 21279 hrs
VHD delay finterval (hrs) 7.64 038 149 1.39 0.50 0.61 053 130 19840 080 044 125 064 083 073 344 220.38 hrs
Space mean speed = VMTV | VHT (mph) 587 623 592 561 578 606 616 563 555 522 609 573 561 559 553 537 57.9 mph
Segment density (pc/miflane)* 352 313 344 277 365 26.4 30.6 239 208 450 405 73 285 394 330 428 36.4 pcmifin
Density-based LOS on segment E D D o E c ] c [s] E E E D E D E E
Demand-based LOS on segment
Travel Time Index (TTI) 111 104 110 118 112 1.07 1.05 115 117 125 107 113 118 118 118 121 112
* For Merge and Diverge Segments this Density is only for Ramp Influence Area!
——
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Analysis Period 19:

Analysis Period 20:
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