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1. INTRODUCTION

OVERVIEW

This document is intended to provide general guidance on the use of the
computational engine for HCM Chapter 10, Freeway Facilities. This document is
practitioner-friendly, not developer oriented. The focus is on how to use and
interpret the results of the computational engine. Detailed discussion on the
procedure itself along with engine documentation guidance for software
developers is provided in Chapter 25, Freeway Facilities: Supplemental.

The computational engine, FREEVAL (FREeway EVALuation) 2010 is a
computerized, worksheet-based environment designed to faithfully implement the
operational analysis computations for Undersaturated and Oversaturated
Directional Freeway Facilities. Thus, FREEVAL-2010 is a faithful implementation
of HCM Chapter 10, which incorporates all of the freeway segment procedures
outlined in Chapters 11, 12, and 13 for basic freeway segments, weaving
segments, and merge and diverge segments, respectively.

FREEVAL-2010 is executed in Microsoft Excel, with most computations
embedded in Visual Basic modules. The environment allows the user to analyze
a freeway facility of up to 70 analysis segments (to be defined) and for up to
twenty-four 15-min time intervals (6 h). The engine can generally handle any
facility that falls within these temporal and spatial constraints. However, it is
highly recommended that the total facility length not exceed 9-12 mi in length to
ensure consistency between demand variability over time and facility travel time.
Further, the analysis spatial and temporal boundaries (i.e. first and last time
intervals and first and last facility segments) should be uncongested and should
allow all queues to form and clear within the facility to assure that performance
measures fully account for the predicted extent of congestion and delay. These
aspects are discussed in detail in Chapter 10. In conformance with the 2010
HCM, all analyses are carried out using US customary units.

FREEVAL-2010 is organized as a sequence of linked Excel worksheets, and
can be used autonomously to analyze individual freeway segments or an entire
directional facility. The user must define the different freeway segments and
enters all necessary input data that are also required in the individual segment
chapters. These include segment length, number of lanes, length of acceleration
and deceleration lanes, heavy and recreational vehicle percentages, and the free-
flow speed. The latter can also be calculated in FREEVAL-2010 from the segment
or facility geometric attributes.

Consistent with Chapter 10, FREEVAL-2010 covers undersaturated and
oversaturated conditions. For oversaturated time intervals, traffic demands,
volume served and queues are tracked over time and space, as discussed in more
detail in Chapter 25. In addition to characterizing oversaturated conditions, the
most significant difference from the segment-based chapters is that FREEVAL
carries out all calculations using 15-min flow rates (expressed in vehicles per
hour). It therefore does not use a peak-hour factor (PHF). To replicate the example
problem results found in the segment chapters, PHF-adjusted flow rates must be
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entered in FREEVAL directly. Heavy vehicle adjustments (using general terrain
factors or directly input for specific grade segments) are automatically handled
by the methodology.

The computational engine is further designed to allow the user to revise
input data following the completion of an analysis. This feature is intended to
perform quick sensitivity or “what if” analyses of different demand scenarios or
geometric changes to the facility. However, the user is cautioned to ensure that
all prior inputs are maintained when using FREEVAL for extensive scenario
evaluation. FREEVAL-2010 is not a commercial software product, and as such
relies on the voluntary commitment of the TRB Committee on Highway Capacity

and Quality of Service to address software bugs that may emerge in the course of
its use, and incorporate methodological changes over time.

CHAPTER ORGANIZATION

The next section gives a brief description of the FREEVAL-2010 structure and
organization. The document then presents a series of screenshots from the
computational engine, in a step-by-step —process description of input and output
requirements. The document concludes with a discussion on interpreting the
output for an oversaturated case, which is one of the major strengths and unique
attributes of the methodology.

The software user guidance in sections 3 and 4 is based on example problems
1 and 2 of Chapter 10 and the user is encouraged to reference that discussion for
further information on the interpretation of results.

Introduction

Page 2 FREEVAL-2010 User Guide
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2. ENGINE STRUCTURE AND ORGANIZATION

The FREEVAL computational engine is organized as a sequence of
computational worksheets; one for each 15-min time, or analysis period. These
worksheets are used both for data input and data output, with portions of the
worksheets that are irrelevant to a particular segment type automatically hidden
by the procedure. Additional worksheets are used for interim calculations and to
present facility summary statistics. Worksheets are hidden and write-protected
automatically as needed. A total of 24 time intervals can be included and up to 70
user-defined segments can be coded for a directional facility.

INPUTS
Data input in FREEVAL takes place in three locations.

First, a global input screen appears when first executing the methodology. It
contains basic settings for the number of time intervals and segments, as well as
global settings for free-flow speed and other facility-wide parameters.

Second, most inputs regarding individual segment geometry and volumes
appear in the individual time-period worksheets. Some variables are pre-coded with
default values, but can be readily overridden by user input. Also, many inputs
entered in time-period 1 are automatically copied to later time intervals. The user
must enter the demand flows for each mainline segment and for each ramp in
every time interval. These cells are highlighted in yellow in the engine to assist
with data entry.

The third and final set of inputs is related to the weaving segment
methodology. Due to the special data requirements for this methodology, inputs
are handled through a separate input dialog box that automatically appears when a
user codes a weaving segment and executes the analysis.

OUTPUTS
Data output in FREEVAL also appears in three places.

First, every time-period worksheet contains a summary of the measures of
effectiveness (MOEs) for each segment in that time interval. The worksheet also
contains facility average estimates of MOEs such as overall travel-time and
facility-average density, which is needed to estimate facility levels of service.

Second, a summary worksheet (labeled “Results Summary”) provides
overall segment performance across all time intervals.

The third type of output are 3-D contour plots and summary tables showing
how a select number of MOEs vary by segment and time interval such as
volume-to-capacity ratio, demand-to-capacity ratio, segment speed, segment
density, and level of service (LOS) (table only). All outputs are used to evaluate
the operational performance of a facility as will be described in section 4.

The next section provides a step-by-step outline of the input coding
procedure.

FREEVAL-2010 User Guide Page 3 Engine Structure and Organization
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3. STEP-BY-STEP INPUT CODING PROCEDURE
This section presents a detailed overview of the data input process in
FREEVAL through a series of screenshots. The engine is saved as an .xls file, but
can also be opened and executed in Excel 2007 and 2010. The computations are
performed using Visual Basic macros and macros must be enabled in order to
execute the spreadsheet.
STEP A: WELCOME SCREEN
After opening the program, a welcome screen appears (Exhibit 1). To begin
coding, the user clicks on the “Enter New Data” button in the center of the
screen. If macros are disabled, a security warning will appear at the top of the
screen (shown in Exhibit 1 for Office 2007). Select “Enable this content” in the
dialog box that appears.
Exhibit 1 (=N I &2l = freeval_hcm2010_02112010_p.xls [Compatibility Mode] - Microsoft Excel - = x
FREEVAL-2010 Welcome < Home  Insert Pagelayout  Formulas Data Review  View Developer  Acrobat @ - =
Screen @ Security Warning Macros have been disabled Options...
\ Rio - £ I~
A B C D E F \ G \H\\ J K L M N 0
1
2
3 2010 HIGHWAY CAPACITY MANUAL
4 Directional Freeway Fatilities Computational Engine
5 FREEVAL Hvicowr ofice securty options 2] =
6 @ Security Alert - Macro
Macro
y Bl Ferary 1] | 45 e sl s ot g o sty s o
Warlling:}‘t is not possiblehto (‘:de':ermill?‘_ﬂlat this G«;l.ltell;lt;d:amle fror;: a
8 " — camtont prowides ertiealFanctonahty and you rustita source.
: INTERSTATE ??ZT m:h\wn\us FREEVAL\Coding\Working Files\freeval_ham2010_052009 _v4.:
SYSTEM ile Path:  Ci\,.. - ‘oding\Working Files\freeval_ham2010_ _va.xs |
@ Help protect me from unknown content (recommended)
0 Enable this content
1" COMPUTATIONAL ENGINE DISCLAIMER AND COPYRIGHT
THIS MATERIAL REPRESENTS THE COMPUTATIONAL ENGINE IMF
12 METHODOLOGY IN THE 2010 HIGHWAY CAPACITY MANUAL.
THIS COMPUTATIONAL ENGINE IS OFFERED AS IS, WITHOUT
EITHER EXPRESSED OR IMPLIED. UNDER MO CIRCUMSTANCE
TRANSPORTATION RESEARCH BOARD (TRB) BE LIABLE FOR ANY | gpen the trust center ok Cancel
USE OF THIS PRODUCT. THE NATIONAL ACADEMY OF SCIENCE!
HIGHWAY RESEARCH PROGRAM (NCHRP) MAKE NO REPRESENTATION OR WARRANTY OF ANY KIND, EXPRESSED OR
IMPLIED, IN FACT OR IN LAW, INCLUDING WITHOUT LIMITATIONS THE WARRANTY OF MERCHANTABILITY OR THE
WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE, AND SHALL NOT IN ANY CASE BE LIABLE FOR ANY
13 CONSEQUENTIAL OR SPECIAL DAMAGES.
THIS COMPUTATIONAL ENGINE IS SUBJECT TO CHANGE WITHOUT NOTICE AND DOES NOT REPRESENT A COMMITMENT
ON THE PART OF THE THE NATIONAL ACADEMY OF SCIENCES, THE COMMITTEE ON HIGHWAY CAPACITY AND QUALITY
14 OF SERVICE, TRB, OR THE NCHRP TO NOTIFY ANY PERSON OF SUCH REVISIONS.
THIS MATERIAL AND THE COPYRIGHTS THEREIN ARE OWNED BY THE NATIONAL ACADEMIES, NCHRP AND TRB. THE
MATERIAL IS BEING PROVIDED FOR REVIEW BY THE TRB COMMITTEE ON HIGHWAY CAPACITY AND QUALITY OF Bl
SERVICE AND ITS SUBCOMMITTEES, AND TO ASSIST SOFTWARE DEVELOPERS IN PREPARING FOR THE PUBLICATION
OF THE 2010 HIGHWAY CAPACITY MANUAL FURTHER DISTRIBUTION OF THIS MATERIAL IS PROHIBITED WITHOUT THE
EXPRESS WRITTEM CONSENT OF THE NCHRP OR TRB. DISTRIBUTION AND SALE OF DERIVATIVE MATERIALS (E G,
15 SOFTWARE BASED ON HCM ANALYSIS METHODS) IS PROHIBITED UNTIL THE 2010 HCM IS PUBLISHED BY TRB.
16
17 E
WAk b CE=0 E=10 S t=11 St=12 St=13 St=14 =15 Ft=16 St=17 “t=18 /t=10 =20 =21 =2l o ] )
Ready | 23 |83 ), 20036 (=) 9] s
Step-by-Step input Coding Procedure Page 4 FREEVAL-2010 User Guide

February 2011



Highway Capacity Manual 2010

STEP B: GLOBAL INPUT PARAMETERS

After selecting “Enter New Data” the global input dialog will appear (Exhibit
2). Here the user selects the number of time intervals and number of segments to
be analyzed. Other settings include whether the facility free-flow speed is known
or should be calculated, whether ramp metering is used, the type of terrain, and
the jam density of the facility (used for oversaturated calculations). After
completing all global settings, select “OK”. The macro will automatically delete
all extra worksheets for time intervals and unused columns for segments. Output
charts and tables are also updated. Depending on the computer used, this
process may take a few minutes.

r N
FREEVAL PLUS =T
il k
MNumber of Intervals 1 E MNumber of Segments 3 E
FREE FLOW SPEED KMNOWMN? TERRAIN
@ Level Mountainous
@ YES Ne Rolling Other / Varying
Ramp Metering? Jam Density
YES @ NO 190 pe/mifin E
QK
|- )

STEP C: SAVE FILE AS A DIFFERENT NAME

A dialog box will prompt the user to save the file under a different name
(Exhibit 3). This step is of critical importance, since saving using the same name
will override the original macro and the code will be lost! In fact, it is strongly
recommend as a first step that the user creates at least one copy of the original
FREEVAL-2010 containing the code and keep it in safe storage.

STEP 1 [

INSTRUCTIONS:
FIRST SAVE FILE AS A DIFFERENT NAME!!!!
Then Begin by entering the segment types on pages t=1.

*Mote: Types must be in the form, B, ONR, OFR. W, or
R (Case Sensitive)

After the segment types are entered, hit the "Segment
Types Entered” button at the end of t=1.

STEP D: CODE SEGMENT TYPES

Next, the user enters the type of each segment (Exhibit 4). Note that the
number of columns has been reduced to match the number of segments defined
by the user. The proper way to define the appropriate number of segment is
explained in Chapter 10, including the requirement that the first and last
segments of the facility should be coded as basic segments. Also, the number of

Exhibit 2
Global Settings Dialog

Exhibit 3
Save File Dialog

The first and last segments of the
modeled facility should be basic
freeway segments.

FREEVAL-2010 User Guide
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Exhibit 4
Defining Segment Types

All traffic data input need to be
entered in the form of demand
flow rates. The method
internally tracks whether these
demands are processed and
distinguishes in the output
between demand volumes
(input) and the actual volume
served (output).

input worksheets generated matches the number of (15-min) time intervals
selected in the global dialog box. Using drop-down menus, the user defines each
segment as a basic, on-ramp, off-ramp, weaving, or overlapping ramp segment
following HCM conventions (see Chapter 10). After identifying all segments,
click the “Segment Types Entered” button. After that action, the macro will
automatically black out all unneeded data entry cells. This process may take a
few minutes.

Final Example_Problem_1_UnderSatads [Compatibility Mode] - Microsoft Excel

2 Tnpuf Worksheet (WKS 1) - Directional Freeway Facility
FREEWAY SYSTEM TITLE: [Chapter 10-Freeway Facilities-Example Problem 1- Undersaturated
4 SEGMENT NUMBER:| 1 2 3 4 5 6 7 3 9 10 1
% SEGMENTLABEL:| S01  S02  S03 S04 S05 S0 S07  S08  sow  S10 Si1
7 Type (B, ONR, OFR, R, or W) B OWR B OFR B W B O R OFR. B e e STEP 1
108
106
107
108
109
110
it
12
113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137 (=
138 .4
Wo4» M| t=1 t=D t=3 t=4 [ t=5 ¥] e m »
Ready | 73 [EEErE e O &)

STEP E: SEGMENT DATA ENTRY

Next, the user enters all segment data for each time interval in sequence
(Exhibit 5). The common inputs needed for all segments are: length (ft), number
of lanes, free-flow speed (mi/h), segment demand (veh/h), % trucks, and % RVs.
Additionally, the user can utilize several adjustment factors that may affect the
operations of the facility. These will be discussed in a later section.

For all ramp and weaving segments, the user further needs to enter the ramp
demand flows and can adjust the heavy vehicle percentages as desired. Note that
a time interval corresponds to a 15-min period and as a result all volume inputs
should take the form of 15-min demand flow rates (in vehicles per hour). No
PHF adjustment is necessary.

After entering all input for one time interval, the user opens the tab for the
worksheet in the next time interval. For all subsequent time intervals, some
inputs are automatically copied from the t=1 worksheet. However, the engine
generally allows the user to override automatically generated input. Demand
volumes always need to be entered for all time intervals. After completing all
inputs for all time intervals and checking for correctness, click the “Run Entire
Analysis” button shown on the worksheet in the last time interval.

Step-by-Step input Coding Procedure Page 6 FREEVAL-2010 User Guide
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Final Example_Problem _1_UnderSatxds [Compatibility Mode] - Microsoft Excel

Home  Inet  Pagelayout  Formulss  Data  Review  View  Developer  Acrobat @- 7 x
[ <3 - fe| sov
A 5 c b B F G i 3 K L [ N o 3 o R 3

Input Worksheet (WKS 1) - Directional Freeway Facility
FREEWAY SYSTEM TITLE:|Chapter 10- Freeway Facilities-Example Problem 1-Undersaturated

SEGMENT NUMBER | 1 2 3 4 5 6 7 8 9 10 [
6 SEGMENTLABELY S01 502 03 S04 505  S06  SOF 508 809 810 811
7 Type (B, ONR, OFR, R, or W) B ONR B OFR. W ] B

3 Length (ft) 5280 1500 2280 1500 5280 2640 5280 1140 360 1140 5280
9 Humber of Lanes 3 3 3 3 3 4 3 3 3 3 3
10 FF Speed (M) 60 60 60 60 60 60 60 60 60 60 60
n Seament Demand (vbh) 4505 4955 4955 4955 4885 5225 4865 5315 5315 5315 5045
13 Capacity Adiustment Factor 100 100 100 100 100 | 100 | 100 | 100 100 100 100
12 Origin Demand Adjustment Factor 100 100 100 | 400 100 | 100 | 100 | 100 100 100 100
15 Destination Demand Adiustment Factor 100 100 100 100 100 100 | .00 | 100 .00 100 | 100
1

1

Segment Types Entered STEP 1

% Trucks

20 %RV's

2 On-Ramp Demand (vph)

2 On-Ramp % Trucks

2 On-Ramp % RV's

27 Off-Ramp Demand(vph)

28 Off-Ramp % Trucks

2 Off-Ramp % RV's

30 Acc/ Dec Lane Length (ft)

31 Number of Lanes on Ramp

32 Ramp on Left or Right (L / R)

Ramp FFS (mifhr)

105

108

107

108

109

110

m

112

13

114

115 L
116

117

118

119 -
He» ] b=1 =2 t=3 k=4 t=5  %J 0 m 3
Ready | 73 [ ) === U &)

STEP F: WEAVING DATA

If the analyst coded at least one weaving segment in the facility, a weaving
dialog box will appear after clicking “Run Entire Analysis” (Exhibit 6). The
dialog contains all needed input variables for the new HCM2010 weaving
methodology. Some variables are automatically passed through from the main
input worksheets, but can be edited by selecting any of the radio buttons in the
“Value Known” group. For example, weaving volumes in FREEVAL-2010 are
automatically estimated assuming a common exit percentage of on-ramp and
freeway mainline traffic onto the off-ramp. If the user has actual weaving counts,
these should be entered instead. After editing a value, it is important to click
“Update” first to ensure that the new data have been saved. Then click “OK”
when done.

For guidance on estimating the weaving-specific variables, the user is
referred to Chapter 11, Freeway Weaving Segments. Special attention should be
paid to the distinction between weaving segment length and the weaving short
length. In FREEV AL, the effective segment length is entered in the Excel
worksheets and is the length to which the calculated performance measures are
applied. However, the performance measures are calculated based on the short
length as discussed in Chapter 12. For example, a weaving segment may have a
short length of 1,500 ft, which is measured as the distances between the gores at
the on and off-ramps. Following the guidance given in Chapter 12, the
operational effects of the weaving segment often extend a distance of 500 ft
upstream and downstream of that short length. Consequently, the weaving
segment length should be entered as 2,500 ft in the time interval input
worksheets.

The user can select “Use defaults for all time intervals” to skip the detailed
data entry, but is required to enter data for each segment in the first time
interval. After entering all data for each time interval, click “OK”. If more than
one weaving segment exists or more than one time interval is used, the weaving
dialog will move to the next set of inputs.

Exhibit 5
Data Input

For weaving segments, the segment
length is the length over which
performance measures are applied.
The performance measures are
calculated using the short length,
which is commonly shorter than the
segment length.

FREEVAL-2010 User Guide Page 7 Step-by-Step input Coding Procedure
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Exhibit 6
Weaving Dialog

- T T
Weaving Volume Calculator 28

Eerme B Weave Configuration

(* One-Sided Weave " Two-Sided Weave
Time Period 1
Number of Lanes 4 Ramp to Ramp Heavy Vehides
e Percent Trucks | g Percent RV 0
ShortLength, Ls 1640 Flow Diagram

LC Ramp-Freeway 1

LC Freeway-Ramp 1

W85 A5 ——| o

Mainline 310 -
# Weaving Lanes 2 >< Mainling
Weave Volumes 430

540 " 50 —=| 380

Mon-Weaving Volume 4425

Ramp Ramp
Weaving Volume 200
Total Ramp Density 1
Value Known
" Weaving Volume " ONR-Mainline Flow (™ Total Ramp Density
" Non-Weaving Volume " Mainline-OFR Flow " shorth Length
" Mainline-Mainline Flow " ONR.-OFR Flow

VR = o153
Update ‘ oK
[ Use Defaults for Remaining Time Periods

To ensure that weaving segments are coded correctly, the reader is referred
to Chapter 12, where definitions for weaving segment short length, the number
of required lane changes, and the number of weaving lanes are provided. The
user should not accept the default values in the weaving dialog before consulting
Chapter 12 variable definitions and analysis conventions. The interchange
density is automatically calculated from the overall facility geometry, but can
also be user-adjusted. Since FREEVAL only know the number of ramps (and the
facility length), but not the number of interchanges, an average of two ramps per

interchange is assumed. Consequently, the interchange density is estimated as
half the total ramp density.

A default value for ramp-to-ramp flow is estimated as decribes above.
However, the user can adjust any of the values in the flow diagram and the
method will automatically calculate all remaining values when the user clicks the
"Update" button. A user adjustment for ramp-to-ramp flow is especially
important for two-sided weaves. This adjustment is selected using the radio
button at the top of the dialog. The weaving graphic shown in Exhibit 6
automatically changes when a two-sided weave is used.

STEP G: OUTPUTS

The summary worksheet labeled “Results Summary” (Exhibit 7) contains
aggregated results for all time intervals. It provides average speed and travel
time over all time intervals and gives the maximum demand-to-capacity ratio
(d/c) for each segment across all time intervals. Provided all segments operate
below capacity (at or below a d/c ratio of 1.00) in all time intervals, the facility
operations will be labeled as “globally undersaturated.” If that is the case, all
individual segment results are obtained by Chapter 11-13 methodologies. The

Step-by-Step input Coding Procedure Page 8 FREEVAL-2010 User Guide
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aggregation of performance measures is consistent with the computations
presented in Chapters 10 and 25.

If any segment during any time interval operates at a d/c ratio > 1.0, the
facility is considered to be “oversaturated” and additional output is generated.
This is discussed in more detail below. From the summary worksheet, the user
can select any of the individual interval worksheets for detailed results (Exhibit
8). Additionally, a set of four summary graphs is created showing four key
MOEs over all segments and all time intervals (Exhibit 9).

Worksheet 3 - Facility-Level Summary Exhibit 7
Title |Chapter 10- Freeway Facilities-Example Problem 1- Undersaturated Facili
acility Summary Worksheet
Humber of ValidTime Intervals 5
Period Duration {min) 75 SECTIOH AND
PERIOD TOTALS
SEGMENT NUMBER :| 1 2 3 4 5 6 7 2 9 10 11 units
SEGMENT LABEL : S01 502 S03 S04 S05 S06 SO07 S08 S08 S10 S11
Input or estimated segment type (B,W,ONR,OFR) |B ONR B OFR B w B ONR R OFR B
Segment length (fi) 5280 1500 2280 1500 5280 2640 5280 1140 360 1140 5280 6.00 miles
Number of lanes 3 3 3 3 3 4 3 3 3 3
Free flow speed (miihr) 60 60 60 60 60 60 80 60 60 60 60
Maximum dic ratio™ 078 0.87 087 087 083 077 050 099 099 099 0.92]Globally Undersaturated
Time interval gueueing begins
Travel time per vehicle (min) 1.00 0.32 0.44 0.30 101 0.82 1.02 0.25 0.08 023 1.03] 8.3 min
VIMTD Veh-miles (Demand) 57888 1797.% 27328 17979 ©5968.6 233219 62388 14733 4653 14733 6463.9 37,523 VNT
VMTV Veh-miles (Volume) 57888 17979 27329 17979 59688 33219 62388 14733 4653 14733 64838 37,523 VMT
WHT travel (hrs) 96.8 336 46.4 3z1 100.3 69.0 106.3 280 88 6.4 111.3] 659.0 VHT
'VHD delay (hrs) 03 36 08 22 08 136 23 34 11 18 35 336 VHD
Space mean speed = VMTV / VHT (mph) 59.82 53.53 58.85 55.98 5940 4318 5889 5285 5285 55.78 58.09] 56.9 mph
Average density (vpmpl) 258 3.5 287 01 268 216 283 3486 3486 32.6 29.7] 28.5 veh/mi/in
Average density (pcpmpl) 6.4 32.3 29.4 309 274 283 291 354 354 33.4 30.4] 292 po/miln
All entry vehicles have
cleared within the analysis
period
Input Worksheet (WKS 1) - Directional Freeway Facility Exhibit 8
FREEWAY SYSTEM TITLE: | Chapter 10- Freeway Facilities-Ezample Problem 1- Undersaturated Time Interval Performance
SEGMENT NUMBER : 1 2 3 4 5 [} i 8 9 1w n
SEGMENT LABEL : S0 S02 503 S04 505 506 S07 508 509 S0 S
Input or estimated segment type [(B.W. ONR.OFR.R) B OMR B OFR B W B ONR R OFR E
Segment Length [ft) 5280 1500 2280 1500 5.280 2640 5.280 1140 360 1140 5.280 600 miles
Number of lanes 3 3 3 3 3 + 3 3 3 3 3
Free flow speed (mph) E0.0 E0.0 B0.0 B0.0 B0.0 B0.0 B0.0 600 B0.0 B0.0 B0.0
Space mean speed (mph) 9.4 525 571 257 583 461 56.1 506 506 55.2 55.0
Segment density (vehimillane) 293 vz 42 350 39 46 358 439 439 0.3 InT 348 vehimifn
Segment capacity (vph) 6732 6732 6732 6732 6732 8303 B.732 B.F32 B.FI2 B.FI2 B.F32
Segment demand (vph) 5228 5855 5,855 5,855 5,585 6,395 6035 B.6ES 6,665 6,665 6215
Segment volume served (vph) 5228 5855 5,855 5,855 5,585 6,395 6035 B.6ES 6,665 6,665 6215
dic ratio 0.7 0.87 087 LE=r) 083 L 00 059 033 033 naz
On-Ramp demand (uph) 0 =) [ [ [ 810 [ =) [ [ [
On-Ramp capacity (vph) 2000 2,000 2,000
Off- Ramp demand [vph) o o o v o 360 o o o 450 o
Off-Ramp capacity [vph) 2,000 2,000 2,000
Ramp-to-Ramp demand (vph) 50
Travel time per vehicle (min) m 0.32 045 03 103 0Es mur 026 0og 023 109 6.51 min
Free-flow travel time (min) 100 0.28 0.43 k=) 100 050 100 nzz oor nzz 100 600 min
Freeway mainline delay (min) om 0.04 0.0z ooz 003 LA oor 0.0+ om ooz L) 0.51 min
om 0.04 0.0z ooz 003 LA oor 0.0+ om ooz L) 0.51 min
13063 415.8 6321 4158 13963 7994 13088 398 N6 3898 13538 8861 veh-mi
¥MTY Yeh-miles { interval (Yolume served) 1306.3 415.8 6321 415.8 1396.3 7994 15088 398 N6 3898 13538 8861 veh-mi
¥HT travel ! interval (hrs) 2z.00 7.92 oy TAE 2396 w3z 26.88 T2 225 652 28.24 160.74 his
¥HD delay finterval (hrs) 0.23 0.99 0.54 0583 e 400 174 112 035 053 234 1305 his
Space mean speed = ¥YMTY { YHT (mph) 9.4 525 571 257 583 461 56.1 506 506 55.2 55.0 55.1 mph
Segment density (pci/miflane)” 301 38 350 i) 2T i) 36T 358 369 369 386 356 petmidn
Density-based LOS on segment o o o o o E E E E E E E
Demand-based LOS on segment

* Fot Merge and Diverge Segments this Density is only for Ramg Influsnce Areal
—5—5—9—5—3’—7— Revise Input Data

From any of the time interval sheets (Exhibit 8) the user can select “revise

input data” to modify segment and time-interval specific data. However, the
user cannot add or delete segments or time intervals at this stage, since the
corresponding worksheets and columns have been customized in step B above.
No attempt is made to characterize facility LOS across multiple time intervals
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which may have very different operational performance and can therefore bias
the resulting facility LOS value considerably.

Exhibit 9
Output Graphs
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segments.

The four graphs in Exhibit 9 show performance measures over the time-
space domain. The v/c and d/c graphs in this case are identical, because the
facility is globally undersaturated. The speed plot shows a slight reduction in
speed in the weaving segment (segment 6) resulting from relatively high
weaving volumes that still do not exceed capacity. The density plot shows
elevated densities in segments 8 and 9. Note that the length axis in the graphs is
categorical and the scale therefore does not reflect the different lengths of

In addition to the graphical outputs, FREEVAL also gives summary tables of
the same four performance measures (v/c, d/c, speed, and density), as well as
LOS. Exhibit 10 shows only the LOS table, since other outputs are already
represented in the previous exhibit.

Exhibit 10

DENSITY BASED Level Of Service

LOS Summary Table

Segment

FACILITY

Time

2 3 4 5 6 7

LOS

b w|ro |
[zli=l1=]lI=li2]

o|olo|oo

BIEEIEE
RIEEIEG
BIEIEIEE
(oMo

olom[oo
BIEEE

O|o|m|o o

Qomo|o
oomo|o
O|o|m|o o

DEMAND BASED Level Of Senvice

Segment

Time

2 3 4 5 6 7

mTmoOm>

[ EN R

*IF ALL CELLS BLANK, D/C<1.0 ACROSS ALL SEGMENTS AND TIME PERIODS.
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Consistent with the discussion in Chapter 10, FREEVAL provides two LOS
summary tables. The upper table in Exhibit 10 gives the density-based levels of
service criteria, which in this case are all at LOS E or better. The bottom table
gives supplemental LOS information for any segments where demand exceeds

capacity. Since all segments operate below capacity, no entries are shown in the
demand-based LOS table.

STEP H: REVISING INPUT DATA

Step G above concludes the freeway facility methodology outlined in
Chapter 10. It is expected, however, that analysts will use the methodology to
test various scenarios or to perform sensitivity analyses. The FREEVAL
computational engine has been designed to allow the user to revise input data
and make changes to geometry, demand patterns or other input variables to test
the effect of such changes on the operations of the facility. Motivations to revise
inputs include:

e Testing sensitivity of increased volumes due to traffic growth or traffic
diversion to other routes;

¢ Testing geometric changes such as added lanes, different ramp
configurations, or alternate weaving patterns in select segments; and

o Testing the operational effects of work zones and/or incidents through
changes in segment capacity and/or free-flow speeds.

As stated earlier, the input revision does not allow the analyst to change the
number of segments or time intervals. This limitation is due to the manner in
which the engine customizes the segment columns and time interval worksheets
in step B. If the analyst wishes to modify the temporal or spatial analysis domain,
the facility has to be re-coded.

FREEVAL provides two types of adjustment factors that are intended to
assist the user in performing basic sensitivity analyses. These are:

¢ Origin/Destination Demand Adjustment Factors, and
¢ Capacity Adjustment Factors.

The two adjustment factors are described in more detail below.

Origin/Destination Demand Adjustment Factors

The origin and destination demand adjustment factors are used to test the
effect of an increase or decrease in the original demand volumes by a user-
defined growth or shrinkage factor. Each segment contains one origin and one
destination adjustment factor for each time interval. They act as simple
multiplicative factors that adjust the entering and exiting demands in the
segment. For example, an origin adjustment factor of 1.10 increases the demand
of mainline or an on-ramp segment by 10%. Similarly, a destination adjustment
factor of 0.85 will reduce the demand at an off-ramp by 15%. For weaving
segments, the entering and exiting demands can be changed with the applicable
origin and destination adjustment factors, respectively.
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Capacity adjustment factors should
generally only be used to reduce the
per-lane capacity in a segment, not
to increase capacity above the
calibrated HCM2010 capacity for that
segment type.

The origin/destination demand adjustment factors are intended to run quick
sensitivity analyses or what-if analyses of demand scenarios. For example, they
can be used to quickly assess the impact of ITS treatments that cause a
proportion of drivers to leave the freeway at an off-ramp upstream of a freeway
bottleneck. Similarly, they could be used to model a surge in on-ramp traffic. The
analyst can change all origin and destination demand adjustment factors by the
same value to model general background traffic growth (e.g. 1.05 for 5% traffic
growth).

Capacity Adjustment Factors

The capacity adjustment factors (CAF) are used to decrease the capacity of a
segment in one or more time intervals. The HCM capacity value for the segment
in the selected time interval is multiplied by the CAF. As a result, the speed-flow
relationship on the segment is changed as is discussed in more detail in Chapters
10 and 25. Capacity adjustment factors can be used to model short-term incidents
in a segment or to represent the effects of increased friction due to work zones, or
simply to calibrate the basic capacity to an observed, non-HCM condition (e.g.,
freeway tunnel). Capacity adjustment factors should generally only be used to
reduce the per-lane capacity in a segment. The speed-flow and capacity
relationships in Chapters 10-13 have been calibrated and an adjustment to higher
capacities (e.g. greater than 2,400 veh/h/In) is not supported by the data. From a
computational perspective, the equation used to calculate the new speed-flow
relationship after applying a CAF, can further result in speeds above the free-
flow if a CAF>1.0 is used. If the user wishes to use the CAF to calibrate
FREEVAL-2010 to higher field-observed speeds, a higher free-flow speed curve
should be used. This speed-flow curve can then be calibrated to a lower capacity
using the CAF if desired.

The effect of advanced traffic management strategies, such as temporary
shoulder use, should be modeled by adding a lane in the appropriate segments
and time intervals, and then reducing the capacity of the revised segment using a
capacity adjustment factor (since the use of a shoulder is unlikely to result in a
full lane of added capacity. For example, if the use of the shoulder on a 3-lane, 70
mi/h basic freeway segment (per-lane capacity of 2,400 veh/h/In) results in an
additional half-lane of capacity (1,200 veh/h/In), it should be modeled as a four-
lane segment with a capacity adjustment factor of 0.875 (=[3 x 2,400 + 1,200] / [4 x
2,400]).
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4. INTERPRETING OVERSATURATED RESULTS

This section discusses the interpretation of results for an oversaturated
freeway facility. A freeway facility is defined as oversaturated if any segment
experiences a d/c ratio greater than 1.0 during any analysis time interval. In the
facility summary worksheet, this facility will be labeled as “oversaturated” as
shown in Exhibit 11. If this is the case, the user should first ensure that whatever
queues that have formed during the analysis have dissipated by the end of the
last time interval and that all vehicles were able to clear the facility. To check for
this, the total vehicle-miles-traveled (VMT) based on demand flow (VMTD)
should exactly match the actual VMT processed (VMTV) in the Results Summary
worksheet. If these two numbers match (within a rounding margin of error), a
message appears indicating that “All Vehicles have cleared within the analysis
period.” If not, the analysis violates the underlying assumptions of Chapter 10,
which requires that all queues should be fully contained within the time-space
domain. If VMT-Demand does not equal VMT-Volume, this assumption is
violated in the time-dimension.

If a violation in the space-dimension occurs, an additional warning message
will alert the user that “The queue in time interval X extends beyond the analysis
region.” In either case, the analyst should start over and re-run the analysis with
additional segments and/or time intervals as appropriate. An alternative in the
case of space-dimension violation is to artificially increase the length of the first
upstream segment until the spillover queue is captured within the facility
confines. A congested boundary of the time-space domain means that vehicles
either remain on the facility by the end of the analysis, or in the case of extended
queuing upstream of the first segment, that the impact is not accounted for in the
delay and travel times computed for the facility. Only if all boundaries of the
time-space domain are free of queuing, can it be assured that FREEVAL-2010
represents the true extent of congestion.

The oversaturated facility shown in Exhibit 11 was generated by applying
across-the-board origin/destination demand adjustment factors of 1.11 to all
segments and time intervals for the undersaturated facility presented above. This
represents an 11% overall growth in traffic flow.

Only if all boundaries of the time-
space domain are free of queuing,
can it be assured that FREEVAL-2010
represents the true extent of
congestion.

Worksheet 3 - Facility Level Summary Exhibit 11
Title |Chapter 10 Freeway Facilities Example Problem 2. Oversaturated Summary Output for Oversaturated
Facility
Number of ValidTime Intervals 5
Period Duration (min) 75 SECTION AND
PERIOD TOTALS
SEGMENT NUMBER ] 1 7 3 1 B 3 7 ] 3 0 1 units
SEGMENTLABEL: S01  S02 503 S04  S05 806 SO7  S08  S09  S10_ s
Input or estimated segment type (B,W,ONR,OFR) |B ONR B OFR B w B ONR R QFR B
Segment length (ft) 5280 1500 2280 1500 5280 2640 5280 1140 360 1140 5280 6.00 miles
Number of lanes 3 3 3 3 3 4 3 3 3 3 3
Free flow speed (mifhr) 60 50 60 60 60 60 60 60 60 60 60
Maximum dic ratic™ 08 097 097 097 092 08 100 {40 110 110 1.02|Oversaturated
Time interval queueing begins 3 3 3
Travel time per vehicle (min) 102 032 046 0M 108 076 120 025 008 023 107 6.8 min
VMTD Veh.miles (Demand) 64265 19957 30335 19957 66263 3687.3 69260 16354 6164 16364 71748  41.650 VMT
VMTV Veh.miles (Volume) 4255 19957 30335 19057 66253 36873 69250 16354 5164 16354 71748 41,650 VMT
[VHT travel (hrs) 109.0 380 535 358 1192 931 1388 37 100 295 1280 7866 VHT
VHD delay (hrs) 19 47 30 26 87 325 234 45 14 22 8.4 933 VHD
Space mean speed = VMTV / VHT (mph) 5803 5255 5668 5571 5560 3959 4900 5152 5152 5549 560§ 52.9 mph
Average density (vpmpl) 291 36 331 336 318 w2 370 392 392 34 341 34.0 vehimilln
Average density (pcpmpl 208 35 339 345 326 382 379 402 402 373 350 34.9 pe/mifin
Al entry vehicles have
cleared within the analysis
period
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Demand-to-Capacity (d/c) ratios
greater than 1.0 without any
associated queuing indicate hidden
bottlenecks.

Exhibit 12
Oversaturated Output for
Time Interval 3

The summary output in Exhibit 11 gives insight on congestion patterns and
severity. In the example, a total of 4 segments are shown to have a maximum d/c
ratio greater than 1.0 (segments &, 9, 10, and 11). Segments 5, 6, and 7 all have
queuing starting in time interval 3, suggesting an active bottleneck in segment 8.
The downstream segments 9 and 10 are not exhibiting a queue, suggesting that
demand is metered at the segment 8 bottleneck. The d/c ratios greater than 1.0
without any associated queuing indicate hidden bottlenecks.

More insight can be obtained by looking at the output worksheet for interval
3 (the time interval with queuing), shown in Exhibit 12. The exhibit shows that
the d/c ratio in segment 8 is 1.10 and, as a result, a queue starts forming in
segment 7. Within the 15-min time interval, the queue fills up all of segments 7
and 6, and extends 1,164 ft into segment 5. Queuing also occurs on the on-ramp
at segment 6, with a 270-ft queue on the ramp. The queuing occurs because the
calculated capacity of segment 8 (6,732 veh/h) is less than the demand of 7,398
veh/h. The actual segment volume and throughput to the next segment (segment
9) is limited to the capacity and thus also equals 6,732 veh/h. It is important to
note that FREEVAL always places the bottleneck at the upstream end of the

segment.

Tapst Wofksheet (WKE 1] - Di TFreeway Facility
FREEWAY §YSTEM TITLE: | Chapter 10- Freeway Facilities-Example Problem 2- d
SEGMENT HUMBER :| 1 2 3 4 H [ 7 8 a 10 "
SEGMENTY LABFL:| 301 302 503 $04 305 306 307 308 503 S0 3

Inpat or estimated segmest type (B.W. ONR. E  ONR B OFR B W B ONR R OFR 3
Seqment Length (ft) 5,250 1500 2,250 1500 5280 2640 5230 1140 360 1140 5280 £.00 miles
Humber of lames 3 3 3 3 3 4 3 3 3 3 3
Free flow speed [mph] €00 600 600 60.0  E0.0 600 BO0 B0 GO0 600 600
Space mean speed [mph) 574 510 530 554 536 282 548 502 502 S50 546
Segment density (rebimidlane] 33T 425 408 30 380 588 STT AT 44T 407 383 437 vehimilln
Segment capacity (rph) 6132 6732 BI32 B2 BIIE 5303 BT32 67152 BTI2 6732 6732
Seqment demand (rph) 5500 6,433 6433 6433 6133 095 6633 TSNS 1335 595 6593
Segment rolume serred (rph) 5E00 6433 B433 643 BN GBS B032  ATHZ BT 6732 BATT
dic ratio 056 037 047 087 082 085 100 10 10 10 102
ric ratio 056 037 087 037 03 050 030 100 100 100 033
Guene length at tud of time interral (ft) 164 2640 5280

0 633 i i 0 333 0 693 0 i i

0 633 i i 0 & 0 693 o i i

0.0 05 00
210
On-Ramp capacity [rph) 2,000 2,000 2,000
Off- Ramp demand (rph) [ [ 0 300 0 4m [ [ 0 500 [
OFf-Ramp rolume serred (rph) [ i 0 500 0 333 i i 0 45 i
OFf-Ramp capacity (rph) 2,000 2,000 2,000
Ramp-to-Ramp demand (rph) 167
Trarel time per vehicle [min] 105 053 043 03 112 107 172 026 003 024 110 .76 min
Free-flow travel time (min]) 100 02& 043 026 100 050 100 022 007 022 100 600 min
Freeway mainline delay [min) 005 005 006 002 042 05T 072 004 001 002 00 176 min
System delay—- includes on-ramps [min) 005 005 006 002 042 076 072 004 001 002 040 138 min
YMTD ¥eh-miles ! isterral [Demand) 14493 4616 TOUE 4616 15435  S5TS 16747 5993 1264 59953 17247 3,556 vehemi
14435 4616 TOL6 4616 152TT 8251 15081 3634 1147 3634 15693 9,543 vehmi
2525 A0 1524 &34 2553 2941 4523 T3 225 659 2574 20036 hes

YHD delay finterral [hrs) 1M 135 154 064 506 1640 135 148 057 054 255 4633 hes
Space mean speed = YMTY { ¥YHT [mph) 574 510 530 554 536 282 548 502 502 S50 546 46.3 mph
Segment density (poimiflane]” 345 FR0 413 343 330 603 532 365 ST4 34 333 445 paimifln
Deasity-based LOS on segment 1} 1] E 1] E F F E E E E E
Demand-based LOE on segment F F F F
* For Merge and Diverge Seqments thiz Density iz only for Bamp Influcnce real N -~

In the same time interval, it is evident that segments 9-11 also have d/c ratios
greater than 1.0, but no queuing occurs since the demand is metered by segment
8. This occurs because the capacity of segment 8 is greater than or equal to the
capacities of these downstream segments. For example, the demand in segment
11 is 6,899 veh/h, which is greater than the segment capacity of 6,732 veh/h (d/c =
1.02). However, due to the upstream (more severe) bottleneck, the volume served
in segment 11 during this time interval is only 6,277 veh/h and the served
volume-to-capacity ratio is only 0.93. The bottleneck in segment 11 is therefore

inactive or hidden. As a result, the downstream segments operate at capacity,
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which is defined as density-based LOS E. The fact that these segments do have
d/c ratios greater than 1.0 is reflected in the demand-based LOS, which is LOS F
for segments 9 through 11. This recognizes that the segment would fail if the
upstream bottleneck did not exist (or was alleviated through geometric changes
to the facility at that location only).

The results for time interval 3 in Exhibit 12 show that not all the forecasted
demand actually reaches segment 9-11, due to congestion in segment 8. Because
some vehicles were not served in time interval 3, they are now added as residual
demand in time interval 4. Exhibit 13 shows this effect. While the segment 9-11
served volumes were lower than the demand in time interval 3, the volumes are
greater than the demand in time interval 4. For example, segment 11 demand is
5,500 veh/h, but as the upstream queue clears, the actual served volume is 6,121
veh/h in this time interval. The output further shows that due to a drop in
demand from time intervals 3 to 4, all queues have cleared at the end of the 15-
min interval.

Tapst Wofkzheet (WKS 1) - Directional Freeway Facility
FREEWAY SYSTEM TITLE: | Chapter 10- Freeway Facilities-Example Problem 2- Drerzatarated
SEGMENT NUMBER :| 1 2 3 1 5 [ T 8 E 10 1
SEGMENT LABEL:| 301 302 §05 S04 505 S06 $07  $08 303 S0 M
Inpat ar sctimated zegmest type (B.W, ONR, E ONR E OFR E W B ONR R OFR E
Segment Length (f) 5280 1500 2250 1500 5230 2640 5280 1140 380 1M40 5280 600 miles
Humber of lanes 3 3 3 3 3 4 3 ] 3 3 3
Free flow zpeed [mph] E0.0 GO0 600 GO B0 B0 BOO GO0 GO0 BOO EOO
Space mean speed (mph] 534 530 582 553 488 592 558 52| 512 553 555
Segment density [rebimillane] 23z 32 521 354 560 534 363 421 A2 sma ey 355 vehimilln
Segment capacity [vph) 6132 &TE B732  BT32 ET32 8382 6752 6T 6T ETIZ ATIR
Segment demand [vph) 5200 5E00 5600 5500 5300 5700 5500 5500 5500 5500 5500
Segment volume served [vph) 5200 5E00 5600 SE00 5389 6115 5957 G466 G466 6466 6121
dicr 077 055 083 083 073 068 078 085 086 086 082
vic ratio 077 055 083 053 080 074 083 095 095 036 091
Suene length at ead of time interral [ft])
Ou-Ramp demand [vph) 0 4m [ [ 0 4m 0 son [ [ [
Ou-Ramp rolume serred [vph) 0 am 0 0 0 s 0 son [ [ [
On Ramp delay [reb-brs) i [ [T
Ou-Ramp quens leagth (ft)
Ou-Ramp capacity (rph) 2,000 2,000 2,000
OFf- Ramp demand [vph] 0 0 o so0 0 4m 0 [ o S0 [
OFf-Ramp volume served (rph) 0 0 o so0 0 408 0 [ [T [
Off-Ramp capacity (rph) 2,000 2,000 2000
Ramp-to-Ramp demand [rph) ]
Trarel time per rehicle (min) 1 032 045 03 120 047 i 05 008 023 108 651 min
i i 100 026 043 025 100 050 100 0@ 007 022 100 6.00 min
001 00d ol 002 020 08T O 004 001 002 008 05 min
mps [min) 001 004 ol 00@ 020 02 O 004 001 002 008 052 min
(Demand) 15000 3977 G045 SITT 13254 MRS 13350 F51 983 3131 13750 G163 vehemi
(Yolume cerved) | 13001 3377 G045 3907 13T2 TTLT MILT 3450 0.2 5430 15304 5643 vehemi
=) 28 THD 1038 Ti2 202 170 2070 B&2 205 BS1 2752 16440 hes
YHD dslay fisterval [hre) 021 087 03 050 45T B.ES 2&4 100 032 043 201 1396 hes
Space mean speed = YMTY ! ¥HT [mph) 594 530 582 553 438 392 533 5l@| 512 553 556 527 mph
Segment density [pcimillane)” 238 293 323 505 568 404 373 343 348 S48 576 6.4 peimilln
Density-based LOS on segment 1} ] ] ] E E E o 1} 1} E E
Demand-bazed LOE on segment
* For Merge and Diiverge Seqments thiz Density iz only Fob Famp Influence Areal Fevie I Dot
ata

The effects of congestion are also evident in the graphical output provided as
part of FREEVAL. The graphs in Exhibit 14 are the same as already introduced in
Exhibit 9, but now show the effect of congestion. Most importantly, while the
under-saturated d/c and v/c graphs in Exhibit 9 were identical, the oversaturated
v/c graph limits the throughput of the active bottleneck in segment 8 to 1.0. It
further shows the metering effect in segments 9 through 11. The speed graph
shows a significant drop in speed as a result of the active bottleneck, but further
shows that operating conditions downstream of segment 8 are acceptable. This
point is critical, since an individual segment analysis of segments 9-11 would
have predicted a much lower and congested speed. The density plot further
shows areas of queuing with densities exceeding 45 veh/mi/In in the queued
segments.

Exhibit 13
Oversaturated Output for Time
Interval 4
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Exhibit 14
Graphical Output for
Oversaturated Case

Exhibit 15
LOS Summary Table for
Oversaturated Scenario
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The LOS summary table for the oversaturated scenario now clearly shows
the distinction between the density-based LOS that uses the actual volumes
served on the facility and the demand-based LOS table that shows the presence
of all segments with d/c ratios greater than 1.0, including all active and hidden
bottlenecks (Exhibit 15).

DENSITY BASED Level Of Service
Segment FACILITY
Time 1 2 3 4 5 6 7 8 9 10 11| Los
1[D D D D D D D D D D D D
2|p D E D D E E E E E E E
3D D E D E Flllll*lllll!E E E E Flllll‘
4o D D D D E E D D D E E
5/c © © @ © lc lc Ic C © © lc
LEGEND
B
c
DEMAND BASED Level Of Service D
Segment E
Time 1 2 3 4 5 6 7 8 9 10 1 [
1
2
3 W
4
5 | | | | |

*IF ALL CELLS BLANK, D/C<1.0 ACROSS ALL SEGMENTS AND TIME PERIODS.

The density-based LOS table in Exhibit 15 shows that segments 6 and 7
operate at LOS F in time interval 3. In this case, Segment 8 is the active bottleneck
and because FREEVAL places the bottleneck at the beginning of the segment, it
operates at capacity, or LOS E. Since all downstream segments have capacities
less than or equal to that of the active bottleneck, they also operate at LOS E. The
bottom portion of Exhibit 15 shows the demand-based LOS, which emphasizes
that segments 8-11 all have d/c ratios greater than 1.0 in time interval 3. The
comparison between the density-based and demand-based LOS tables allows a
quick and easy analysis of which bottlenecks are active and which segments are
inactive or hidden bottlenecks due to an upstream metering effect of traffic
demand. The overall facility LOS is F in time interval 3, since one or more
individual segments have d/c ratios greater than 1.0.
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